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Foreword

RESNA, a leader in advancing the field of rehabilitation and assistive technologies, has
been a strong advocate of progressive legislation on behalf of persons with disabilities.
RESNA played a key role in the development of the Technology-Related Assistance
for Individuals with Disabilities Act of 1988 and the Americans with Disabilities Act
(ADA), signed into law on July 26, 1990. RESNA has been actively involved in
implementing :his first piece of legislation through its technical assistance contract with
the NIDRR.

RESNA now has an important leadership role to play in making assistive technology
a major force behind the full implementation of the ADA. This can best be
accomplished in the long term by evolving education, quality assurance and
credentialing programs, and by developing improved means for service providers and
consumers to access assistive technology information. This is certainly a significant way
that RESNA can serve its members so they, in turn, can serve those in need of
increased access through technology.

RESNA’s 14th Annual Conference in Kansas City, America’s Heartland, is our first
major meeting since the enactment of the ADA. It provides an excellent forum to
discuss issues and formulate directions which can affect the lives of persons with
disabilities for years to come.

As in past years, our Annual Coaference once again creates an opportunity to revitalize
our commitment, share ideas, renew old acquaintances and add names to new faces.
We sincerely wish that RESNA °91 fulfills all these expectations and many more.

We extend our warmest welcome to the participants in this RESNA conference and our
deepest appreciation to all of those who have helped to make this another successful
RESNA event. Work, enjoy, return home safely and plan on being with us next year
in Toronto.

Mohamed Medhat, M.D.
Conference Chair

Douglas A. Hobson, Ph.D.
President




Preface

Kansas City, the land of OZ, and one of the heartland cities of the United States,
beckons us to center ourselves on the technology of today, with a futuristic forum for
following the yellow brick road to meeting the goals of tomorrow.

RESNA’s Meetings Committee, chaired last year by Tony Langton and now by Don
McNeal, volunteered its time to bring together this conference schedule of scientific
sessions, morning seminars, instructional courses, multi-media events, student design
competition, computer tech lab, and exhibits. These Proceedings are the iesult of this
effort and afford you an opportunity to share in the plethora of rehabilitation and
assistive technology information that characterizes this Annual Conference.

For this year’s conference, the computer tech lab was upgraded with the help of Ken
Kozole, Mary Binion, David Jaffe, Bob Smallwood, Marian Hall, and Susan Leone.
This new prospective format allows for exchange of software information and computer
instruction.

The addition of Special Education and Job Accommodations SIGs broadened RESNA’s
membership and the pool of conference participants to include professionals from the
education and vocational rehabilitation sectors, who may not have previously been
involved with RESNA. Although activity in this area has been going on for quite some
time, the formation of these SIGs allows for the formalized exchange of information
in these specialized areas.

I would like to thank the SIGs for their efforts in reviewing the scientific papers,
organizing instructional courses and morning seminars, and putting together special
sessions. Their work is obvious when noting all that is offered during the conference.

I also would like to recognize the efforts of Dr. Mohamed Medhat and the Local
Committee who worked hard to add local flavor to this 14th Annual Conference, as
well as assure accessible transportation and lodging. Thanks to them, we enjoyed a
HEARTLAND of entertainment including a delicious KC barbeque and professional
baseball game!

Most of all, I would like to thank Susan Leone of the RESNA staff for her meticulous
skill in pulling together all the work of the Meetings Committee, SIGs, and other
conference participants, and in organizing this 14th Annual Conference to be such a

Success.

Jessica J Presperin, OTR/L MBA
Chair, Scientific Program
& Special Interest Group Committee
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1.1

UPPER BODY MOTIUN AND BALANCE STABILITY IN THE ELDERLY

Eric E. Sabelman. PhD *. Melissa G Hoy. PhD * Carol H. Winograd. MD 1

Palo Alto VA Medical Center, * Rehabilitation R&D Center, and
tGeriatrics Research, Education and Clinical Center

ABSTRACT

Falls present a serious health hazard to elderly, post-
surgical and partially-disabled ambulatory persons.
Quantitative examination of relative body seginent
motion ‘1sing self-contained data acquisition equipment
can provide information valuable for preventing falls
or rninimizing resultant injury. This proposal is aimed
toward development of a balance assessment and fail
detection tool that relies on measurement of relative
accelerations of the head and upper body, as distinct
fron gait and lower body studies. This approach
permits identification of contributory factors such as
visual distraction and emphasizes the body segments
that contribute most to postural instability. Results of
a pilot study demonstrate the ability to detect reduced
stability during standing with eyes closed, and age-
related characteristic head and trunk motions during
rising from a chair and walking down stairs.

BACKGROUND

The ultimate goal of this project is to provide means for
fall-prone individuals to live iidependently who might
otherwise have to be institutionalized. We envision
this to be a wearable accelerometric instrument - a
“balance orthosis” - making it possible to record an
individual's movements during everyday activities in a
non-laboratory setting, identify patterns of movement
that accompany loss of balance before a fall actually
occurs, alert the individual of pre-fall behavior, and
if necessary, signal a remote attendant that a fall
has taken place. In the short term, we expect
the instrument to be useful for a subset of the
fall-prone population who have recognizable pre-fall
motion patterns, and for improving clinical diagnosis
of balance disorders.

Most balance assessment methods concentrate on the
lower body and the relationship of the body's center of
mass to the position of the feet {1}, However, control
of orientation of the trunk with respect to gravity is.
a significant factor in maintaining balance {2 Upper
body accelerometry permits calculaticn of head and
trunk rotational and translational velocities and head
pointing direction, indicative of attention to direction
of movement.

METHODS

Before clinical or in-home use, laboratory tests must
be done to distinguish balance-related motion patterns
from, for example, head novement normally associated
with talking '3]. To develop the necessary algorithms
for distinguishing harmless fromn pre-fall motions, we
have been test subjects using clements of standard
qualitative balance assessment protocols 4

Fig.1: A. ACCELEROMETRY COORDINATE SYSTEM

X
|

Fig. 1:

B. TYPICAL SUBJECT - TANDEM WALKING

(note eyes-down attitude)

in a typical laboratory test, subjects stand barefoot
with feet apart and arms held at sides or on hips. 3-
axis accelerometers zre attached to the front and side of
the forehcad and waist using Velcro and elastic straps
{Figure 1]. Sensor outputs are digitally recorded at
20 readings per second To document displacement
directly, reflective tape markers 2re attached to legs,
trunk, arms and head: these are both conventionally
videotaped and videophotographed at high contrast by
a Motion Analysis system. Subjects then perform up
to 20 tasks, including:
1 stand eyes open, then closed, for 15 sec
2. climb up 3 steps, turn, then down 3 steps
3 rise from and sit in chair at normal speed, then as
fast as possible
tandem (toe-to-heel) walk 10 ft
5 walk over 2, 4 and 8 inch-lugh ob-tacles 3 {t apart

RESNA 14th ANNUAL CONFERENCE - KANSAS CITY, MG. 1991 1
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BALANCE STABILITY IN THE ELDERLY

RESULTS

A total of 25 elderly (aged 64 to 85 years) and 5 young
(24 to 29 years) female subjects were tested during
the pilot phase. Mis-steps during toe-to-heel (tandem)
walking were clearly identifiable, producing either
vertical and anterior motion of the head apparently
related to catching the toe on the floor, or lateral
acceleration or sway [Figure 2. During quiet eyes-open
and eyes-closed standing, elderly subjects had lateral
and pitch accelerations with more and higher peaks
exceeding 0.01 G, increasing to about 0.05 G in the
pitch axis with eyes closed.

We were also able to detect evidence of biomechanical
sequelac of aging, such as greater transmission of heel
strike shock to the head while climbing down stairs in
elderly compared to young subjects |Figure 3. The
finding of amplification of acceleration peaks at the
head in the elderly, instead of damping as in the young,
is consistent with stiffening of shock-absorbing soft
tissues such as intervertebral discs ‘5] .

The time average of the antero-posterior (pitch) angle
during rising from and sitting in a chair indicates a
shift in orientation of the body relative to vertical
or of the head relative to the body; a high standard
deviation (SD) indicates unsteadiness in the pitch
plane. During the act of sitting, young subjects’ rneans
varied randomly between trials. but elderly subjects’
mean head-to-body angles were more often consistently
positive or negative (tilting forward or backward)
iFigure 4i. Standard deviation of elderly subjects was
bimodal; eight were similar to young subjects while 5
ranged from 1.0 to 3.4 during rising. In the lateral
plane during rising. SD of 15 elderly ranged from 0.1
to 0.8 radians, ouly six falling in the 0 1 to 0.2 range
of the young {Figure 5,.

The trunk angle relative to vertical during rising from
a chair measured by accelerometers at the waist was
consistently less that that derived from video image
analysis of the line between hip and shoulder markers.
The image analysis method could be overestimating the
tilt angle since it cannot distinguish in-plane motion
from rotation, while the accelerometers have a subject-
specific shift due to body contour; this can probably be
corrected by mounting one sensor in back instead of in
front.

The stepping-over-blocks test is a new addition to the
balance assessment protocol: it was performed by only
three subject. One elderly subject was clearly similar to
a young person in antero-posterior head-to-body angle
(mean of -0.1 1o 1015, 8D 0.8 to 1.2), while another
had a mean angle of 0.24 to 042 radian and SD of 0 24
to 0.34 in 3 tnals. This occurred in an individual with
less confidence in her balance, who looked at her feot
before stepping over each obstacle.

16
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Fig.2: TANDEM WALKING - ACCELERATION AT HEAD
(X = pitch, Y = lateral axes); peaks circled
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Fig.3: WALKING DOWN 3 STEPS - RATIO OF HEAD
TO WAIST ACCELERATION MAGNITUDE
(3 runs, typical young & eiderly subjects)
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Fig.4: SITTING IN CHAIR - PITCH ANGLE AT WAIST
(2 to 6 runs per subject)
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BALANCE STABILITY IN THE ELDERLY

DISCUSSION

Piezoresistive silicon accelerometers are sensitive to
constant accelerations as well as to transient changes
in velocity. Thus. signals contain information on angle
relative to gravitational acceleration, as well as motion-
induced acceleration. If the signal is integrated without
eliminating the gravitational component, velocities
and displacements will be erroneous. By Einstein’s
equivalence principle. there is no theoretical basis for
separating the gravitational and inertial components;
one practical means is to begin integration when change
in velocity is known to be zero and to recalculate
and subtract the contribution of angle relative to
vertical from the total acceleration at each time point.
An alternative is to deal only with relative angles
of adjacent body segments 6. Piezoclectric sensors
can detect only transients, and are insensitive to slow
changes in velocity common in human motion. tests of
these sensors have yielded poor correlation with total
body motion 7.

An expanded three-year project has been approved for
VA support beginning in October, 1990: it inciudes: (1)
further development of hardware for ineasuring relative
upper body accelerations, (2) refinement of present
software for analyzing data to yield head and torso
velocity vectors in real-time, (3) continued laboratory
testing of well-defined motion sequences typical of
activities of daily living. (4) continued comparison
with sirnultaneous measurement of displacement by
image analysis, to verify accuracy of results. (5)
expansion of the subject population to include post-
surgical patients, whose progress toward independent
living is more rapid than that of the fall-prone
elderly (in conjunction with a current study of Dr
Winograd’s), (8) expansion to include institutionalized
and community-living subjects. (7) integration of
accelerometric analysis with other balance diagnosis
techniques (one such, the "Equitest” will permit
controlled induction of falls), and (8) exploration of
reinforcement of fall-avoidance behavior modilication
using accelerometric feedback.
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ASSISTIVE DEVICES AND THE ELDERLY:

A SHOTGUN WEDDING?

M. cCherie clark & Barbara R. Kline
Technology Center
Stein Gerontological Institute

Miami,

ABSTRACT

The use of assistive devices to
enhance independence for older
persons has met with much
resistance, particularly from
potential older consumers
themselves. While it is accepted
by professionals that assistive
products can and should be
extended to older users, the way
in which this could be easily
accomplished is not clear.
Results from a marketing survey

conducted with persons
interested in obtaining more
information about assistive
technology suggest that it is

important to consider the needs
of both potential older consumers
and their caregivers in any
marketing approach. Usefulness
and quality of products appear to
be the most important features of
assistive devices according to
the respondent sample. Both
caregivers and potential older
consumers expressed a need for

more information concerning
products and availability.
Experience with health care

service delivery to older persons
suggests that the first line of
information and referral may be
physicians and pharmacists as
these professionals are frequent
and respected contacts of older
persons who could benefit from
the use of assistive technology.

BACKGROUND

A logical extension of the work
in the use of assistive
technology to enhance
independence for persons with
disabilities is to apply that
knowledge and experience to

assist older persons with daily
tasks. As a group, the elderly
represent the fastest growing
segment of our populaticn; by the
year 2010, 1 out of every 3

Florida

persons will be over the age of 65.
Furthermore, within this age
segment, the fastest growing group
is those over 85. What we know
about this group is that they are
all beginning to experience, to
some degree or another, age related
physical declines in ability.
These declines greatly compromise
their ability to remain independent
in their own homes (1). Given the
knowledge and experience from work
in the disability field, we can
speculate that assistive technclogy
could have a significant impact on
improving the functional ability of
frail older persons. However,
having older persons accept
assistive devices has not been an
easy task (2).

Serving the nesed of older persons
with assistive technology is
difficult given the evolution of
many of - these products. Most
assistive products have
traditionally been associated with
medical or hospital environments
and carry the stigma of %“sick or
frail®. It is only recently that
many assistive products have taken
on a more "normalized" appearance.
In most cases, however, these
products are still displayed and
obtained in medically oriented
environments and are shunned by
clder persons who could benefit
from their use. We have heard time
and time again such remarks as, "I
don't need that yet, and hopefully
I won't ever get that sick."™ Too
often older persons who know they
could use a little help avoid all
discussion of assistance since it
forces them to deal with the fact
that they are aging. From the
gerontological literature, we know

that most older persons imagine
themselves as 10 to 15 vyears
younger, not someone who is

getting older and 1less able to
complete daily tasks easily and
safely. Products that remind them
of frailty and illness are soundly
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Assistive Devices and Elderly

rejected. As a result those
attempting to prescribe and
market assistive devices to older
persons find themselves
constantly in the position of
trying to bring a reluctant.groom
to the altar with the shotgun of
impending illness, disability or
death, forcing acceptance of
physical declines. We need to
know more about this consumer
group and develop products and
distribution approaches that go
beyond the obvious need and cater
to more positive issues on order
to have a chance at success.

OBJECTIVES

There are currently a large
number of nice looking assistive
devices on the market, along with
many unattractive products. .We
have very 1littl:<. information
about how appropriate many of
these devices are tor older users
since most were not designed for
this user group. There is a
great need for eval-uation of
current devices and developrent
of new devices to serve this
expanding group. More difficult
issues currently lie in an age
cld problem, that of tech-nology
cansfer. We know from
experience that the existence of
the right devices and the right
funding mechanisms is not enough
to ensure that persons with needs
will be served approprigtely.
While these issues are obviously
important, Vanderheiden (3) apd
others point out that this is
only a part of a whole service
delivery model that is needed.
For those of wus working in
technoloygy and service delivery
to older persons, Wwe are struck
with the fundamental Xknowledge
gap that exists among service
delivery professionals, o;der
consumers, and device suppliers
that if unchanged, will continue
to impede the acquisition of
technological assistance. We are
in need of both good market
research in this area and strong
educational programs for
professionals and consumers.

METHODS AND RESULTS

Knowing who are the target
consumers and what is priority to
these consumers is an important
first step in good marketing plans
(4). To this end, some initial
information can be gleaned from a
recent pilot marketing survey.
After reading a syndicated article
on low tech assistive devices for
the elderly which appeared in local
newspaper across the country,
individuals contacted us requesting
further information. Of the 400
surveys sent to the people who made
these requests, 111 responded. In
general, most respondents indicated
that they had not known previous to
the article that these products
existed nor where they could be
obtained. However, they all
expressed a need for assistance
with daily tasks due to arthritis,
frailty, low vision, and many of
the other age related physical
changes. As such, these individuals
represent an important potential
consumer group.

Sixty five percent of the
respondent dgroup were relatives
(most often children or
grandchildren) inquiring about
products for older relatives. Older
consumers inquiring about products
for themselves alone or for
themselves and an other rela-tive
made up 35% of the sample.
Additional data from this survey
highlight the salient concerns of
persons interested in assistive
products. The most frequently
mentioned were usefulness and
quality of products. Many
respondents reported that price of
products is not as critical as
usefulness and guality.
Respondents expressed a need for
more information on the range of
products available for specific
cenditions and where these products
could be obtained.

DISCUSSION

These data suggest several points
for both marketing strategies and
for service delivery. First, it is
important to consider formal
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caregivers or relatives in any
attempt to market assistive
products to older persons. The
data further suggest that it is
important to develop products
that are wuseful and of good
quality. Respondents did not
comment on appearance of products
but it must be noted that
pictures accompanying newspaper
articles all highlighted up beat,
modern, attractive, low tech
assistive products. For many
respondents, this was their first
introduction to assistive devices
and they reacted very positively
to products displayed. Another
important aspect of these data is
the need for more information.
Who should provide this
information? Distributors of
products often feel that they
should play an important part
here. The need for profes-sional
evaluation, training,
modification, and monitoring of
many devices would suggest that
Cccupational Therapists and
Rehabilitation Engineers may be
the best information sources. 1In
fact, the trend in service
provision now is the
rultidisciplinary team, each
providing appropriate input and
guidance. However, it is
important that members of this
team be trained in gerontological
and assistive device issues to
better serve older persons. (5)

How does a potential consumer or
caregiver find out about these
teams and how accessible are
they? We are more and more
convinced that physicians and
local pharmacists are critical
partners in the service team. We
know that older persons see
physicians on some regular basis
and trust their advice. We also
know that the 1local pharmacist
has considerable influence in the
lives of the elderly. The
physician and pharmacist are
likely to ke the most frequent
and possibly only contact older
persons have with medical profes-
sionals. As such, their roles as
a potential source of referral to
the delivery team should not be

underestimated; they can only help
to ensure a more positive marriage
of assisstive devices and the
elderly to enhance independence.
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WALKER PERFORMANCE EVALUATION BY A PANEL OF OLDER WALKER USERS

John T. Ward, Margaret A. Wylde, and Elaine R. Cremaldi

Institute for Technology Development

ABSTRACT

This report summarizes the results
of a consumer evaluation study
undertaken to observe the perfor-
mance of older, experienced walker
users when using four styles of
walkers. The primary objective was
to explore the user-product inter-
action as each subject used and
evaluated each walker on two flat
surfaces and a ramp. The results
were compared among the individual
walkers and across the groups of
walkers. All testers achieved
their best performances with four-
wheeled walkers but some testers
preferred the security, and slower
pace, of non-wheeled walkers.

BACKGROUND

This study was begun because older
users do not seem to be making full
use of available walker styles.
Health conditions that affect
mobility increase with older adults
and older adults use more mobility
devices than do younger adults.
Although walker equipment is avail-
able in varied configurations and
accessories, doctors and therapists
are prescribing the rigid, non-
wheeled walker for the over 65
year-old user. People are either
unaware of the availability of
consumer choice in walker style or
they perceive that wheeled walkers
are "too much" for the older user.

History of walker design

The walking frame, introduced about
two hundred years ago, was cCreated
solely for rehabilitation purposes.
The design of the standard, rigid,
non-wheeled frame (pickup and put)
was conceived as portable parallel
bars enabling the patient to take
gait training out of the therapy
room and into the hospital
corridors (Cress, 1982).

Many people use a walker for an
extended time. Walkers are fre-
quently prescribed for residents at
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Oxford, MS
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convalescent or retirement facili-
ties to help ambulation, and to
enable them to gain confidence and
walk unaided without risk of
falling. Even if the prescription
for the walker specifies temporary
use, users tend to perceive the
walker as a permanent aid to ambu-
lation. Black (1980) reported 43.1
percent had used a walker for one
to four years, while 26.1 percent
had used a walker for five years or
more.

Walker users

Numbers of users. The U.S. Dept.
of Health and Human Services
estimates, the total number of
walker users in the United States
in 1977 was 689,000, or approxi-
mately 3.2 people per 1000 of the
noninstitutionalized population.
This figure had risen from 2.0
walker users per 1000 in 1969. 1In
1969 there were 17.6 walker users
per 1000 persons €5 years and over;
in 1977 this number increased to
24.7. In the population 75 years
and over, there were 34.5 walkers
users per 1000 persons in 1969 and
47.6 in 1977 (Black, 1980).

RESEARCH QUESTIONS
The purposes of this study were to:

1. Evaluate a representative
sample of walkers using a
panel of older walker users.

2. Collect information about
walker use from groups of
older walker users.

3. Evaluate the impact of walker
features on the usability by
the intended users.

METHODOLOGY
The project comprised two parts:

focus group research and laboratory
evaluation of walker use.

<1



WALKER PERFORMANCE EVALUATION

rocus groups

Three focus groups were conducted.
Two groups met in Oxford, MS among
participants of che laboratory
study after the usage trials. The
members of thke group in Memphis, TN
were walker users, some of whom had
participated in another research
project.

Usage trials

The purpose of the usage trials was
to assess thie abilities of the 55
year old ani older user to use
various walcer styles. The
specific objectives of the study
were to:

1. Identify the benefits and
limitations of walker
features.

18]
.

Compare the differences in
user performance with walkers
— with no wheels, two wheels,

— and four wheels.

Walker eguipment

Before beginning the study, a
meeting was held in Milwaukee,
Wisconsin, with representatives
from ten walker manufacturers and
distributors from the United States
and Canada. The meeting was held
to explain the purpose of the
study, solicit participation, and
gain suggestions and insight into
the conduct of the study.

The walker manufacturers invited to
participate were all those
producing walkers as identified
through searches of the 1989
Medical Devices Register and The
Thomas Register. Twenty manufac-
turers participated in the study.

Each manufacturer was asked to
submit walkers under four
categories;

Group 1. Rigid walkers that are
the standard product
prescribed for Medicare
recipients. They were
not to have wheels.

Group 2. Folding Walkers without

Group 3. Two-Wheeled Walkers.

Group 4. Four-Wheeled Walkers
including both
traditional and the newer
styles of wheeled
walkers.,

Subjects

The criteria for participants in
the laboratory evaluation were: (1)
55 years of age or older, (2)
current use of a walker or usage
during the previous year, (3)
ability to come to the test site,
and (4) ability to participate in
the evaluation tasks. Transporta-
tion was provided if needed.

Procedures

The walker height was set by
aligning the top or grips with the
top of the subject's thigh. At
this height, the subject's
shoulders were to be level and
elbows flexed comfortably at 20-30
degrees (angle measured from the
vertical to the lower arm).

Measures of time and number of
steps required to traverse were
recorded for two flat surfaces 25
feet in length and on a 20 foot
incline with a grade of one inch
rise for every 12 inches in length.
The flat surfaces were (1) a hard,
painted wood track and (2) a
carpeted track with one-half inch
pile inclusive of backing. Sub-
jects walked the length of the
marked track, turned and walked
back. The testers were asked to
walk quickly without racing or
endangering themselves. Crossing a
busy intersection with the light
was the reference for walking
speed.

RESULTS
Subjects

Eighteen subjects ranging in age
from 51 to 86 years, with an
average age of 72.9 years partici-
pated. Eighty-four percent were
women, 42 percent were Caucasian,
and 58 percent African American.
The subjects reported several

conditions that caused their
wheels. physical limitations including
broken bones, weakness, balance
problems, paralysis, amputation,
8 RESNA 14th ANNUAL CONFERENCE * KANSAS CITY, MO. 1991
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hip surgery, and arthritis. The
greatest number of the subjects
(31.6 percent) had used a walker
because of a fracture, including a
broken hip. Falls or accidents
(38.8 percent) and arthritis (26.3
percent) were the two major
precipitating factors.

Analysis

The two performance measures, time
and number of steps to walk a set
distance, were highly correlated
(r = 0.97). Average walking speed
was 1.4 feet per second at a rate
of 1.5 steps per second. The
slowest pace was set with the rigid
walkers with a time of 0.75 feet
per second at a rate of 1.2 steps
per second. The fastest rate was
produced by the four-wheeled
walkers which travelled at a speed
of 1.7 steps per second.

A two way analysis of variance
(ANOVA) was conducted on individual
walkers and walkers categorized by
group for each of the two perfor-
mance measures. All four ANOVA

tests showed the differences
between walkers and groups of

walkers to be highly significant (p
< 0.0001) and the differences
between performances on different
surfaces to be insignificant

(p > 0.10).

Student-Newman-Keuls post hoc
procedures were used to group the
groups and individual performance
ratings. The four-wheeled walkers
as a group were found to produce
faster walking speeds and longer
step distances than were any of the
other three groups. The two-
wheeled walkers were slower than
the four-wheeled walkers but faster
than the non-wheeled walkers at an
alpha level of 0.05. Both wheeled
walker groups were significantly
faster than the non-wheeled groups.
The two non-wheeled groups were not
found to differ from one another
significantly at an alpha level of
0.05.

Only one four-wheeled walker and
four two-wheeled walkers fell in
the group of twenty walkers with
below average performance scores.
In the group of twenty walkers with
above average performances there

were only one rigid walker and
three folding walkers. Sixteen of
the top twenty performances came
from wheeled walkers. Fifteen of
the twenty worst performances came
from non-wheeled walkers.

DISCUSSION

When subject walking times are
summed by groups across surfaces
every subject walked faster with
the wheeled walkers than with the
non-wheeled walkers. However, not
all subjects preferred the wheeled
walkers. In focus group
discussions the frailest subjects
expressed strong dislike for the
walkers with wheels. Their stated
objection was that even though they
could travel faster with the
wheeled walkers they felt less
secure. One subject expressed her
feelings by saying, "The wheeled
walkers act like they lrave a mind
of their own."

Subjects who expressed a strong
desire to maintain their life style
in spite of the effects of aging
and disability preferred the faster
speed and more natural walking
pattern that they experienced with
wheeled walkers. Less stable
subjects who wanted a walker for
security and to prevent falls
preferred the non-wheeled walkers.
All subjects exhibited a faster
pace and more natural leqg motion
with the four-wheeled walkers.

ACKNOWLEDGMENT

Funding for
provided by
Association
Washington,
REFERENCES

this research was
the American

for Retired Persons,
D.C.

Black, E.R. 1980. Use of special
aids, United States=-1977. (DHHS
Pub. No. (PHS 81-1563). National
Health Survey, no. 135, National
center for Health Statistics.
Hyattsville, MD: Public Health
Service.

Cress, R.H. 1982.
for the elderly.
Instrumentation,

Ambulation aids

Medical
16(3):169-170.

RESNA 14th ANNUAL CONFERENCE ¢ KANSAS CITY, MO. 1991

[n




Q

ERIC

PAFullToxt Provided by ERIC

MOBILE ROBOTIC PLATFORM CAPABLE OF FOLLOWING A HUMAN COMPANION

Lincoln A. Jaros, Ulrich Raschke, Simon P. Levine, Johann Borenstein
Rehabilitation Engineering Program, Department of Physical Medicine and Rehabilitation
Mobile Robot Laboratory, Department of Mechanical Engineering

. University of Michigan

ABSTRACT

A pilot research study is underway which will develop
and demonstrate several capabilities necessary to
build a mobile robotic platform (mobile robot) which
can detect and follow a human companion as the
companion moves about in a real world setting. Such a
robot must be able to measure the direction and
approximate distance to its intended companion. It
must then combine this and other environmental data
to execute following movements. This paper outlines
the sensor systems and computational strategies
currently being employed in this research.

BACKGROUND

A variety of rehabilitation applications for a mobile
robotic base bave been propused. These include
performing delivery and retrieval activities, moviing
assistive equipment such as robotic arms and
environmental contro! systems from room to room, and
acting as an activity guidance system or navigator for
a patient with cognitive impairments. Each of these
tasks makes similar demands of the robot. For each,
the robot must be able to move about in the
environment without running into people or objects. It
needs to perform this obstacle auoidance in real time
without significant slowing. The robot must always
ki ow its current location in the global map of the
~nvironment (absolute position), and based on this
lacation, be able to calculate the path it must trace to
reach any other given location or room (global path
planning). Progress towards these two goals has been
reported elsewhere(1,2).

Another important requirement is that the rohot be
able to keep track of and follow a human companion.
This frees the companion from providing continuous
directions when the robot is to follow.  Another
valuable outgrowth of companion-following is the
ability to lead a companion who is unsure alone, due
either to the complexity of the environment or to some
level of cognitive impairment.

STATEMENT OF THE PROBLEM

Companion-following has two aspects. ‘The first is
companion-tracking. The robot must be able to detect
the location of its intended companion at all times.
The second aspect of companion following  is
locomotion. The robot must use the sensory
information about companion activity to stay close. In
a real environment these following movements must
mcorporate information nbout detected ohstacles, as
well as data ahout the companion. The strategy

involved in achieving safe locomotion through obstacle
detection and autonomous navigation is discussed in
other published repor{s from this study(1,2,4).

The key to successful companion-following is adequate
information about the companion's behavior. In
particular, the robot must be able to detect the
direction to and the approximate distance from the
companion. Direction information tells the robot how
to approach the companion. Distance data indicates
when the robot is close enough to stop its approach.

Ideally, position measurement of the companion should
occur several times each second. A high sampling rate
provides two advantages. By sampling frequently and
averaging readings, the robot can tolerate less
accuracy in individual sensor readings. Lowering the
required accuracy lowers the price and complexity of
sensor systems.

The other advantage of high sampling rate concerns
the obstructed view problem. In an environment empty
of everything except the companion and the robot, the
tracking-following exercise consists solely of moving
toward the companion whenever the companion moves
away (i.e., distance to companion increases). The real
world introduces many obstacles such as walls and
people. Virtually all detection systems depend on a
line-of-sight connection between robot .nd companion.
For example, the infra-red (IR) detection sysiem used
in this project will fail if an object is placed between
the IR light source and the IR detector. In practice,
the line-of-sight connection between robot and
cornpanion is constantly being interrupted when
someone walks between the two or when the
companion moves behind any object.

When the robot loses contact, it must rely on
information it slready has to plan a strategy which will
result in reestablishing line-of-sight contact. Here a
rapid data sampling rate is invaluable. By comparing
successive readings recorded just before loss of contact,
the robot can estimate course and speed of the
companion. Based on this estimate and the robot's
acquired knowledge of obstacles in the environment, it
can decide how best to find the companion.

The sensor equipment is part of the solution to
companion-tracking. The other part is behavioral
strategics built in to the control software of the robot.
The two chief tracking problems this software must
face are mentioned above. The first is moving the
robot to follow the companion in an unobstructed
environment.  More difficult is dealing with the
obstructed view problem caused by static and dynamic
ohstacles.
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APPROACH

The platform used in this research is a commercially
available robot manufactured by Denning Mobile
Robotics® for security applications. The Denning DRV-
iW is a three-wheeled robot designed so that all
wheels are driven and all wheels steer together. It
combines the following subsystems (see Figure 1):

Onboard Master Control Computer This is an
iBM-compatible 80386-based computer. It is
responsible for all sensory integration, obstacle

avoidance, companion-tracking and control
decisions.
Ultrasonic Ranging Ring The robot is surrounded

by a ring of 24 Polaroid ultrasonic transducers
mounted radially a- 15° intervals. Each sensor can
be fired individuallv, and srovides information
about the distance {» the nearest obstacle in the
direction the sensor is facing.

Infra-Red Beacon Detector® An infra-red (IR)
sensitive camera is mounted in such a way that it
may be rotated freely through 360°. The system
detects specially designed IR beacons in the
environment around the robot and provides
accurate direction information to these beacons.

The IR system provides the robot with information
about the direction to the companion. From this
direction, the robot can determine which of its sonar
sensors i8 pointing at the companion. The distance to
the companion can then be determined from the real-
time obstacle map constantly being updated by the
sonar software. Using distance and direction, the
robot will continuously update its estimate of the
location of the companion, and move to stay near. The
goal is to have the robot remain within a range of 0.5
to 2.0 meters, even with other people and obstacles
crossing between the robot and companion.

The control algorithms for companion-following have
two objectives. The first is to execute basic movement
commands. When the companion moves away, the
distance between companion and robot will increase.
The robot must respond w'th motion commands to
follow. The speed that the robot moves is a function of
several factors, including the current distance from the
robot and the speed and direction of the companion.

The second objective is to handle the obstructed view
problem introduced earlier. When the robot looses
sight of the companion it must decide how to proceed.
The initial approach is to have the robot follow a set of
rules to attempt to reestablish contact:

1) Store the current robot location, the companion's
The beacon used is a simple, battery-powered circuit last estimated location, course and speed as well as
driving an IR light emitiing diode (LED). Sixty times the current local obstacle map. The estimate of
each second this LED flashes a serial seven-bit digital companion course and speed comes from
code. [Each beacon can be set to a unique code, comparing successive recent location estimates.
allowing the robot to distinguish between several The local obstacle map is a product of existing
beacons. For the tracking task, a beacon circuit will be obstacle avoidance software. It is a continuously
mounted on a belt to be worn by the companion. By updated picture of obstacles around the robot.
spacing 3 or 4 LEDs around the belt, the robot's
camera will be able to see the belt regardless of the 2) If the companion was stopped or almost stopped
companion's orientation. before loss of contact, pause for several seconds.
This will prevent unnecessary or jerky motion in
response to momentary interruptions, as when a
second person walks in front of the standing
companion,
IR Sonai
Camera Ring 3) If the companion was moving, or after the pause
time has expired, move the rebot from its current
location to the last estimated location of the
companion. The speed of the robot before loss of
contact determines the speed of this move. If the
robot was actively following, it will continue at
speed. Ifit was stopped, it will approach slowly.
4) While approaching the last estimated location,
scan for the IR beacon in the general direction
(£45') of the companion.
5) Having arrived at the estimated location, scan for
- the beacon through 360°.
Drive Steer
Motor Motor 6) Stop active scanning, but wait for movement
detected by local map comparison. This is an
experimental idea aimed at detecting possible
Figure 1. Block Diagram of Mobile Platform locations of the companion. When contact is lost,
RESNA 14th ANNUAL CONFERENCE « KANSAS CITY, MO. 1991 11
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the robot records the local obstacle map. By
comparing this original map with the current map
it should be possible to identify new centers of
motion and activity around the robot. The robot
can then go to step 3 above and approach the area
of movement.

IMPLICATIONS

The current approach imposes several conditions. The
companion must wear some articls to hold the IR
beacon. This is not expected to present a problem,
sine- this circuit is only slightly larger than that
¢r.atained in other commercial LED jewelry and
novelty clothing items.

A more important shortcoming of the current
configuration is the mounting of the IR camera. At
present this detector is attached so that it turns in
unison with the robot's wheels. In order to turn the
detector, it is necessary to turn the robot. The detector
has a view angle of 20° so that most of the time this is
not a problem. However, when the robot loses sight of
the companion and must search a wider field of view it
is almost essential to stop the robot before performing
the scan. In the future, it will'be desirable to mount
the IR equipment so that it can be rotated separately
from the wheels. Without this addition, following is
more difficult, while leading a companion is not
practical.

The methods used for companion-following were partly
dictated by the equipment already available on the
robot. Background research failed to identify other
techniques which had a clear advantage over the
sonar-IR combination chosen. Most other promising
technologies currently suffer from unacceptable cost or
excessive requirement of development time.

DISCUSSION

Previous research and testing in the laboratory has
demonstrated the efficacy of the hardware used in this
project. The IR system has been used successfully to
allow the robot to compute its absolute location and
orientation. Three beacons are mounted at known
locations on the room walls, permitting the robot to
find its position by triangulation. Under best
conditions the distance between robot and beacon can
be as much as 14 meters, well beyond the 5 meter
range maximum projected for companion-tracking.
The sonar equipment and navigation software has
displayed similar proficiency in the laboratory. Rapid
sampling and innovative data reduction can produce
accurate obstacle maps, even though individual sonar
readings are somewhat unreliable.

Future research will show whether the combination of
these two systems will enable practical companion-
following. An important component of this research is

- testing of the final configuration. This testing will

<b

occur in sgeveral stagee. Initially, the robot will
perform only in a carefully controlled laboratory
setting. Subsequent trials will introduce more complex
situations, including moving obstacles (persons and
carts) and environment barriers (doorways and halls).
The final test for 1 successful design will be to face
these situations in a real world environment.
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INTERACTIVE ROBOTICS :
APPLICATIONS IN MANUFACTURING INDUSTRY

R.G. Gosine, R.D. Jackson
University of Cambridge

Cambridge. England

Introduction

Rehabilitation robotics research, which is con-
cerned with the provision of assistance to peo-
ple with motor disabilities, has concentrated on
three primary application arcas - daily living ac-
tivities, educational activities, and vocational ac-
tivities. The success of such research projects has
been mixed and has been influenced by many fac-
tors. In the vocational applications, the success
has largely been restricted to projects involving
highly motivated individuals who have acquired a
physical disability after becoming skilled at a par-
ticular job. This has been true of the successful
application of interactive robotics in Scattle! and
Palo Alto? in the USA, and Malmo® in Sweden
where robotic devices have been used as support
in computer-oriented vocational activities. The
application of simple robot systems has made it
possible for a small number of people to return
to their original place of employment. Associated
with cach of these successful applications has been
the desire of the employer and co-workers to assist
a colleague who had beconie disabled to the point
of being incapable of vocational activity without
assistance. This motivation to employ and assist 2
highly skilled collcaguc in need is exceptional and
cannot be taken for graated by the many physi-
cally disabled people who are unable to take ad-
vantage of employment opportunitics.

The research deseribed in this paper attempts to
look beyond the exceptional cases and identify
generie activities within manufacturing industry
where human decision-making ability is required
and the person may be trained on-the-job. Many
people with severe physical disability from birth
have a restricted primary education and little sec-
ondary edncation. It is unlikely, therefore, that
there will be widespread prospects for jobs such
as computer programming which requires an ad-
vanced secondary education. In this sense. the ap-
proacliis loser to that taken at the Cerebral Palsy
Rescarch Foundation® in Kansas and the IRV® in
Holland where rabots have been used to cnable
physically disabled people to participate in light
mannfacturing activities,

D. Scott
The Papworth Group
Papworth Everard, England

T. Jones
Oxford Intelligent Machines
Oxford, England

Role for Automation

Automation is commonly considered for applica-
tion in manufacturing industry as a means of in-
creasing productivity on repetitive assembly tasks.
Attempts to automate production processes fully
have been hindered by the relatively slow devel-
opment of suitable technology, the rapid develop-
ment of the technology incorporated into the prod-
uct, and the reluctance of industry to invest in
technology which is expensive in comparison with
lmuman labour. It is known that automation is suc-
cessful for high volume, rigidly structured tasks
that require little decision-making. For tasks that
require human decision-making, however, full au-
tomation is impossible.

Consider the technology associated with the pro-
duction of electronic circuit boards. While there
are advances in production processes, there are
even more rapid advances in the technology as-
sociated with the products. Although it may be
possible to develop and apply an automatic visual
inspection system which can detect flaws associ-
ated witl conventional peb fabrication methods,
this would amount to solving yesterday’s problems
with today’s technology. In view of this, it is likely
that for the foresccable future there will remain a
need for lnmman sensing facilities and the ability
to adapt to different inspection tasks.

It is in manufacturing scenarios which rely on hu-
man decision-making that people with impaired
motor function may use appropriate handling de-
vices to carry out the limited manual tasks within
a more complex activity. Demographic changes
are resulting in an ageing population, a shrinking
labour force, and as a result, a need for industry
to consider a wider source of labour.

Rescarch Summary

Tlie current project represents a collaboration be-
tween rescarchers with an interest in rehabilita-
tion engineering, researchers with an interest in
production processcs, vocational placement offi-
cers with a particular interest in the asscssment
and placement of people with physical disabilities,
and industries involved in manufacturing. The

RESNA 14th ANNUAL CONFERENCE * KANSAS CITY, MO. 1991 13




Q

ERIC

PAFullToxt Provided by ERIC

INTERACTIVE ROBOTICS

research is currently focusing on two aspects of
the general problem. From an engineering per-
spective, an survey of industry is being carried
out to identify interested manufacturing indus-
tries, the employment needs of the industries, and
jobs within the industries which require a high
level of human decision-making and limited man-
ual dexterity. In parallel with this survey, cur-
rent employment assessment procedures are being
considered with a view to developing worksamples
and assessment procedures to evaluate the perfor-
mance of a human using an interactive robot to
carry out selected manufacturing ~ctivities.

Exploration of Production Processes

As of December 1990, a series of thirteen industrial

visits have been carried out in a search for prac- .

tical applications of interactive robotics in main-
streamn production industry. These visits were
based on promising responses to a mailshot and
follow-up telep: ne appeal to 250 manufacturing
industries in the Cambridgeshire area. The initial
contact with the industries described the interac-
tive robotics project and requested the help of in-
dustry in identifying practical applications. The
encouraging level of interest from industry may be
attributed to both altruistic and economic consid-
erations. The latter consideration is particularly
encouraging since it indicates the growing need
for certain industries to consider unconventional
sources of labour.

Prospective applications have been identified pri-
marily in the quality control aspect of the pro-
duction where some simple material handling is
invelved. The activities fall into one of the follow-
ing categories: electronics production/inspection,
inspection of machined parts, bench-top chemistry
activities, specialised quality control, and general
materials handling. Examples of promising activ-
ities include the visual inspection of electronic cir-
cuit boards, the visual inspection of the surface
of machined parts, the visual inspection of seed
samples and plant clippings, and the subjective
evaluation of the base chemicals used in fragrance
production. The prospective applications are cur-
rently being assessed to determine methods of in-
troducing interactive robotics into the production
process and to determine the implications of such
an approach to the manufacturing process.

Assessment

In parallel with the cousideration of the issues re-

lated to manufacturing engineering, consideration
is also being give to the assessment of an interac-
tive robot system® as a vocational assistant. In
order to carry out this assessment, a worksample
is under development which allows productivity to
be measured. The task will be representative of
the activities which have been identified as possi-
ble candidates for the interactive robot approach,
while the selection of cardidates will be based on
standard cognitive and physical assessments such
as visual acuity tests, cognitive reasoning tests,
and range of motion tests.

It is proposed that a person who, having been
identified as a prospective candidate for the inter-
active robot approach, performs badly at the as-
sessment activity may do so for two reasons. First,
the person miy not be motivated to carry out
the particular job function. Second, the human-
robot interface may not be appropriate for the
person and may be confusing or difficult to ac-
cess. The former result indicates a mismatch be-
tween the job and the person while the latter re-
quires modification to the system. Both of these
results, in addition to feedback from the people
who achieve good performance at the activity, will
provide valuable insight for subsequent system de-
velopment and potential application areas.

In view of this, the assessment activity will have a
two-fold purpose. In the short-term, information
will be gathered to provide a comparison of as-
sisted and unassisted performance at simple qual-
ity control activities. The average productivity
rate for representative operations could be deter-
mined from a broad spectrum of able-bodied work-
ers in the industries. Similarly, the average rate for
a worker with impaired hand/arm function who is
currently employed in an industry would be de-
termined. Finally, the production rate for a dis-
abled person in combine+ion with a robot would be
determined and compared against the production
rates for the groups of currently employed workers.

It is quite likely that a complex manipulation com-
ponent of an activity which can be completed by
a simple robot will be completed faster and more
accurately by awn able-bodied person. It is impor-
tant, therefore, that manipulation not dominate
the practical application or the assessinent activ-
ity.

Parity between a disabled worker/robot and an
able-badied worker is unlikely although it is pos-
sible that a range of activities exists which fall
within an acceptable productivity level. The range
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of tasks will depend on whether the comparison is
with the able-bodied workers or those with some
manipulation impairment. The aim of the project
should be to enable a person to reach a relatively
high-level of productivity as compared with able-
bodied workers. An acceptable level within a shel-
tered workshop setting may be lower although it
must compare favourably with the baseline for cur-
rent employment within such a workshop.
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Factors in the Prescription and Cost-Effectiveness of Robot Systems
for High-level Quadriplegics

J. Hammel, MA, OTR & H.F.M Van der Loos, EDME
Rehabilitation R&D Center and Spinal Cord Injury Center
Palo Alto Veterar: Affairs Medical Center
Palo Alto, CA USA

Abstract

In crder to ensure the successful implementation and
acceptance of robotics technology for severely disa-
bled employees in the vocational setting, protocols
must be setup to analyze disabled user needs, the
technology transfer process, relmbursement and cost-
benefit issues. To {llustrate this critical process, the
methods for the design, develepment and evaluation
of the Desktop Vocational Assistant Robot are de-
scribed.

Background

The design of the Desktop Vocational Assistant robot
(DeVAR) was prompted by the goal to increase the in-
dependence of high-level quadriplegics in the work-
place (see Figure 1). Beyond the technical challenge

of designing an effective and robust robot system to
replace attendant care, the research team needed to
address technology transfer, cost-benefit, user assess-
ment, and reimbursement {ssues.

A user and task assessment protocol {s now in place to
assure an effective incorporation of the robotics tech-
nology in a disabled person's existing work setting.

In addition, overtures to insurance companies and
third-party reimbursement agencles have made us
aware of the crucial issues involved in the prescrip-
tion of this typc of device.

The installation of DeVAR at Pacific Gas & Electric
(PG&E) Company in the office of a high-level quadii-
plegic programmer, and the continuous use of the
system over an 18 month period, have allowed us to
explore the problems and factors involved in a sce-
nario typical of future realistic cases.

Figure 1: - Quadriplegic employee uses DeVAR to perform dutly living and vocational tasks in
the office sctting.
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Research Question

Based on feedback from relmbursement specialists,
and based on the cost and nature of the technology
In question, our hypothesis {s that a robot system will
be an effective alternative to human attendant care in
the workplace when it can reliably replace the atten-
dant for a minimum of one 4-hour contiguous time-
span,

In order to replace the attendant, the robot must be
capable of performing all required tasks, including
daily living and vocational tasks, reliably, safely, and
in a timely manner. The disabled employee must be
able to independently control the robot system.
Volice control was chosen as the primary control
method for the DeVAR system. A backup control
method must also be provided for occasions when
voice recognition becomes temporarily unreiiable
(high ambient noiseetc.). The DeVAR system pro-
vides a backup mouthstick to the user for senglng
commands via the keyboard as well as a separate seri-
al port link to, for example, the employee’s applica-
tion computer.

Multiple safety features are essential if the employee
{s left unattended for a long period of time. On the
DeVAR system, the user {s able to stop the system via
three modes: saying the command "STOP", making a
loud noise, and pushing the emergency stop switch
mounted near the user's face. Spasms can occur fre-
quently among indlviduals with high-level spinal
cord injurles and can range in severity, sometimes
causing the individual to lose his/her positioning {n
the wheelchair. To safcly accommodate for these
spasms when the individual is left unattended, an
emergency call system independent of the robot or
phone operation must be provided. All of these ctite-
rla must be met before third-party reimbursers will
consider the robot as a viable alternative to the atten-
dant.

Methods

Based on the activity analysis of the typical day in the
life of PG&E's quadriplegic employee (RY), DeVAR
was designed and programmed to perform both dally
living (fetch a drink, dispense medications and throat
lozenges, serve lunch, scratch face) and vocational
tasks (manage papers, operate the phone, fetch print-
outs: fetch mouthstick). This task repertoire was im-
plemented before the system was placed in the work-
site to minimize employee disturbance and {nitial
system malfunctions. Several tasks were identifled
only after the system was {nstalled as the user realized
the robot's capablilities. DeVAR was installed in RY's
office in July, 1989. Following an {nitial adjustment
gcrlod, the robotic system has heen used on a daily

asis for the past 18 months, requiring maintenance
engineer work approximately once a month. Auto-
matic computerized history list capabilities were Im-
plemented to allow the research team to analyze the
robot performance throughout each day and track
any problems with the system.

A two-part (B-A), single-subject study was done to
compare the performance of the robot versus the at-
tendant {n performing manipulation tasks. In the first

part, RY was asked to use the robot for all manipula-
tion tasks, limiting the use of the attendant to set-up
tasks, tasks outside the office, and emergency assis-
tance for a period of six 10-hour days. In the second
part, RY used the attendant only for four 10-hour
days. Two observers recorded all activities. Evalua-
tions were compared with computerized history lists
and extended play videos of the attendant.

Results

Resuits of the study supported the hypothesis, dem-
onstrating that the attendant could be replaced for
two S-hour shifts, given access to emergency assis-
tance if needed. It was determined that all tasks the
robot was incapable of performing such as complex
paper sorting and mail retrieval, could be delegated to
set-up times, thus limiting the role of the attendant
to setup in the morning, lunch hour, and evening.
In doing this, the attendant could then be avallable
to perform a low-level job for the company and re-
main available to a number of disabled employees on
an emergency basis, thus benefitting both the compa-
ny and employee.

Results also indicated that DeVAR could offer a cost-
effective alternative to attendant care (see Figure 2)
(van der Loos, 1990). Insurance companies typically
pay for attendant care on a 4-hour shift basis at $30
per hour. Taking into account the initial cost of the
robot system ($100,000) pius annual maintenance
costs, the initial investment of DeVAR could be re-
couped In 2 years given the replacement of the atten-
dant for two 4-hour shifts. A non-trained attendant,
such as RY’s, costs between $5 and $10 per hour. In
RY’s case, he could recoup his attendant costs entirely
In 5 years.

This demonstration of the economic feasibility of De-
VAR versus an attendant has led to a cooperative
R&D Agreement between the Department of Veterans
Affairs and a local startup company to commercialize
the DeVAR system and transfer the technology to the
disabled and corporate community.

Discussion

Since robotic technology involves ¢ large {nitial in-
vestment, several suggested aiternative scenarios for
reducing this cost and increasing the overall benefit
should be explored in order to provide incentives for
the adoption of this technology in the workplace.
Robots which have been taken out of factory settings
can be refurbished and purchased at substantial dis-
counts for use in DeVAR workstations. Additionally,
one robot workstation could be shared by two disa-
bled employees working separate shifts or redesigned
to accommodate two desks during the same shift.

with the recent passage of the Americans with Disa-
bilities Act (ADA), Incentives also exist for govern-
ment assistance in the reason-able accommodation of
a disabled employee. Since ADA prohibits the dis-
criinination of any qualified job applicant based on
e person’s disabllity, it is expected that technology
such as DeVAR, which can offer cost-effective inde-
pendence to the disabled employee, will become
more commonplace {n the future.
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Compariscen of Robot Cost
with Attendant Cost for 8-hour Day

Cumulative
Cost ($)
300,000

250,000
200,000

150,000
R-$100K

100,000
R-$50K

50,000

1yr 1.‘.')yr
Years of Service
Attendant costs: $5, $10, $30/hour.
Robot costs: $50K, $100K initial purchase
($2400 installation, $3000/year maintenance).

Figure 2; Cost-benefit comparison of DeVAR versus attendant care.
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LOW COST PNEUMATIC ACTUATORS FOR APPLICATIONS IN
REHABILITATION ROBOTICS

Stephen D. Prior & Peter R. Warner
Middlesex Polytechnic
Faculty of Engineering. Science & Mathematics
London, United Kingdom.

ABSTRACT

This paper presents the initial results of an in-
vestigation into the static and dynamic
performance of a new type of low cost pneu-
matic actuator. The results of the tests will be
used to determine the most appropriate actuator
for each joint of an electric wheelchair mounted
robotic arm. The background to sources of ex-
ternal power is reviewed and the application of
flexible pneumatic actuators discussed.

BACKGROUND

The search for alternative methods of actuation
has been on-going since the early developments
in powered prosthetics/orthotics in the 1950’s.

In the early 1960°s many research groups fo-
cussed on the use of pneumatic servos powered
by compressed carbon dioxide COz. The essen-
tial requirements for any external power source
were set out by Kiessling [1] in 1960 and are
still valid today, these were:

1. Universally available.

2. Low cost.

3, Non toxic.

4, Safe in use.

5. Ease in Handling.

6. Portable.

7. High power/weight ratio.

When CO; was reviewed in 1960, as a possible
source of external power, it was found to be to-
tally acceptable under all these requirements.

However when developed in practice for the
Thalidomide children, problems soon arose. Due
to safety requirements, the CO; gas bottes had
to be filled at a central depot. This meant that
each user had to keep several full bottles in stor-
age at their home, with the inevitable cost
penalty. The filling costs were also high and the
bottles needed replacing often. Another problem
was the weight, at approximately 1.5 kg each,
they were found to be a portability problem, as

described by Davies [2].

For these reasons, more conventional forms ot
actuation were adopted, notably, electric motors
and hydraulic devices.

Pneumatic muscle systenis

There have been many different types of muscle
actuators designed over the last thirty years. One
of the earliest was the McKibben artificial
muscle of 1961, which could use either gas or
liquid as its working medium. The muscle con-
sisted of a longitudinal piece of hollow braided
material, a gas tight inner tube and suitable end
fixtures for external attachment and pressuriza-
tion. When pressurized, the braided material
expands and the axial length contracts, so exert-
ing a pulling tension. Recent developments
along the same lines include the Bridgestone
‘Rubbertuator’ (1984) [3]. the ROMAC system
(1986) [4] and the work by Prof. Jack Winters
(1990) [S1.

The pneumatic muscle actuator. 'Flexator’ de-
scribed in this work was invented by Mr Jim
Hennequin of Inventaid Ltd. The muscle can be
used in various different configurations, the cur-
rent research involves measuring the static and
dynamic performance of the ‘Flexator’ in
twenty-four different rotary configurations.

The 'Flexator’ is constructed from standard lay-
flat fire hose, manufactured in the UK. for fire
fighting applications. The material is light, dur-
able and both heat and water resistant. Its cost is
also relatively low (approx. £3 per metre length),
it being produced in vast quantities for commer-
cial use.

RESEARCH QUESTIONS

1. Do the 'Flexators’ advantages over conven-
tional forms of actuation outweigh its
disadvantages.

2. Is it possible to predict the behaviour of the
"Flexator’ under varying pressure, temperature,
volume and work conditions.
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LOW COST PNEUMATIC MUSCLE ACTUATORS

METHOD

The pneumatic muscle actuator is being tested
using a purpose-built single-axis test-rig incor-
porating sensor measurement of shaft position,
line and muscle pressure and muscle tempera-
ture.

Flgure 1.-Schematic layout of the test-rig

Together with the experimental analysis, a the-
oretical model of the system has been developed
using the non-steady flow energy equation
(N.S.F.E.E) incorporating unsteady heat con-
duction.

EXPERIMENTAL RESULTS

One of the early test results, for a large size of
muscle, is shown in Fig.2. From the graph we
can see the response of the system to a step input
of 40 psig (2.75 bar g) for a single muscle sys-
tem. After an initial lag of 1.8 seconds the
system responds with a linear argular displace-
ment of the output shaft of approximately 180
degrees in 8.5 seconds. We can also notice the
pronounced drop in line pressure when the valve
is opened. It is planned to investigate the use of
accumulators to reduce the pressure drop and the
lag of the system. The pressure-line bore

Muscle Type- 102x150, Step Input 40 PSI
*Pta/Chan *250
“Samplews *31

Tine {osct
————
T e —— T gty et
———

Flgure 2.-Response of the system to a Step
Input.

diameter and size of the muscle are also critical
factors affecting performance.

DISCUSSION

Pneumatic muscle actuators like the one de-
scribed in this paper offer many advantages over
conventional forms of actuation. This type of ac-
tuation seems to lend itself to the fields of
rehabilitation robotics and orthotics/prosthetics,
because of its inherent safety and human like
quality of compliance. When used in antagonis-
tic pairs they can provide double-acting control
together with the ability to vary joint stiff-
ness/compliance independently of joint angle, in
a similar manner to human muscles [6].

Whether such systems can be used for industrial
robotiCs remains to be seen.
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FURTHER DEVELCPMENT OF A ROBOT WORKSTATION FOR THE DISABLED

Graham Pullin *, Michael Hillman +, Andrew Gammie +
Roger Orpwood +, Charles Stammers *
+ Bath Institute of Medical Engineering, United Kingdom
* School of Mechanical Engineering, University of Bath, United Kingdom

Abstract

Following experience with a commercially
available arm, a purpose built manipulator
has been developed as an integral part of
a relatively low cost robotic workstation
for the disabled.

Introduction

Robot technology has the
provide considerable help to people with
severe upper limb disability. The means
to manipulate objects would offer a much
greater degree of independence than that
presently provided by less versatile
devices. However systems utilising
industrial robot arms are touo expensive
for the average disabled person to buy.

potential to

Background

The initial concept of an affordable
workstation led tc the purchase of a cheap
educational robot [1] and the building of
a system around it [2). Clinical trials
at a local spinal injuries unit supported
the feasibility of a relatively low cost
workstation but highlighted fundarcntal
shortcomings of the manipulator employed.
Only then was the decision taken to
develop our own purpose built robot arm.

Workstation Layout

To be appropriate 1in a domestic setting
the size of the workstation was reduced to
that of a typical desk, 4'6" by 3'. The
shelving was integrated into a single unit
at the bacx. It presently contains a
computer disc drive, a car radio cassette
player and racks for the storage of floppy
discs, music tapes, books and documents.
The arm is positioned next to the user
where it does not obscure the view of the
tasks being carried out.

Manipulator Geometry

The manipulator is of a
cylindrical geometry. An articulated arm
1s positioned in the horizontal plane by
rotary actuators at  shoulder and  elbov,
whilst vertical motion is provided by a
linear actuator which lifts the whole arm.
Yav and roll freedoms ate present at the
wrist but pitch is omitted because the
gripper remains horizontal. The
individual link lengths were chusen  to
allow the arm to fold up into a compact
parked position when not in use and the
sliding vertical post can be retracted
into the desk. The absence of a fixed
post allows pood visibility along the arm
and leads to a Jess bulky appearance.

jointed
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ROBOT WORKSTATION

Mechanical Design

The 1lifting mechanism is hidden away in a
cabinet under the desk and incorporates a
spring to counterbalance the weight of the
arm. The rotary actuators do no work
against gravity and so are small enough to
mount on the arm itself, thereby
simplifying the drive train. All joints
are driven by geared d.c. servomotors via
additional gears or belts. Positional
feedback is provided by incremental
optical encoders. The hollow arm is
constructed from standard aluminium
extrusions, all mechanisms and cables
being hidden inside.

Control System

The power supplies and electronics are
also situated in the cabinet under the
desk. A circuit board rack houses a
microcomputer accessing six motor control
cards and other cards interfacing with
sensors on the manipulator. An
environmental controller is also included.
Software on the microcomputer card
controls the movement of the arm,
calculating trajectories and passing speed
demands to the motor control cards. It
also interfaces with a separate desktop
computer, with which the user interacts.

User Interface

The computer on the
display a menu of choices which the user
selects with any of a wide range of
switching devices. The robot can be
controlled directly, or whole routines can
be stored and replayed. In addition this
computer is still available for
programming or word processing.

desk is wused to

Wheelchair Mounted Arm

The same basic manipulator could instead
be mounted on a wheelchair for increased
versatility, It would fold wup into a
compact parked position behind the seat,
keeping it discreetly out of sight when
not in use and not increasing the width of
the chair. Studies with full scale
mock-ups are preceding the construction of
a working prototype.

Present Progress

The workstation and manipulator have been
built in our workshops by Martin Rouse and
Peter Laidler. Electronics and software
development is nearing completion, The
system has been briefly tested by a
multiple sclerosis sufferer and is soon to
undergo more extensive <clinical trials
both at a hospital and in private homes.

Future Work

In anticipation of the results of the
trials, different aesthetic treatments of
the arm are being examined. Work is also
proceeding to refine the basic design to
facilitate eventual small batch
production. Both considerations favour a
change to easily removeable moulded
plastic covers around an aluminium
structure,

Conclusions

Design and construction of the prototype
manipulator and workstation are complete
and extensive clinical trials are
imminent. The new system overcomes the
flaws of the old, which utilised a
commercial robot arm. Further refinement
is  underway to facilitate eventual
manufacture. In addition the possibility
of mounting the same basic arm on a
wheelchair is being considered.

Acknowledgement

Funding for this project was provided by
the Wolfson Foundation.

References

(1) Hillman M.R.

A Feasibility Study of a Robot Manipulator
for the Disabled

Journal of Medical Engineering and
Technology, 11-4, 1987, pp.160-165

(2) Hillman M.R., Pullin G.M.,

Gammie A.R., Stammers C.W. & Orpwood R.D.
Development of a Robot Arm and Workstation
for the Disabled

Journal of Biomedical Engineering, Vol.12,
No.3, May 1990, pp.199-204

Graham Pullin

Bath Institute of Medical Engineering
Wolfson Centre

Royal United Hospital

Bath BAl 3NG

United Kingdom

RESNA 14th ANNUAL CONFERENCE + KANSAS CITY, MO. 1991

36




Q

ERIC

PAFullToxt Provided by ERIC

FROM PROTOTYPE TO COMMERCIAL PRGDUCT IN SWEDEN

Gunnar Fagabagl. Armne Jonsson ~.ad Margita Lundman
The Swedish Handicap Instit* =, Stockholm, Sweden

1,d INROADS, London, Ontario, Canada

ABSTRACT

This paper describes a Swedish system for facilitating the
transfer of prototypes into commercial products. Financial
support in different forms can be given 0 manufacturers.
About 15 products are supported annually and more than
60% were subsquently marketed and sold successfully.

BACKGROUND

A well-known problem in rehabilitation technolegy
development is the transfer of development results into
manufactured and marketed products.  All too often proto-
types, even if proven valuable after technical and clinical
evaluations, end up on shelves in the laboratory or the
workshop. The main reason is that many potential
manufacturers regard the market as too small, unknown or
uncertain. They are not willing to invest the initial costs
for setting up production of a new assistive device.

APPROACH

In order to bridge the gap between prototype and product, the
Swedish Handicap Institute, a government agency re-
sponsible for the field of rehabilitation technology, supports
manufacturers financially at the start of production of a new
device for the disabled.

There are two forms of support. A direct subsidy can be
given to the company to cover part of intitial costs, such as
production adaptation, tools, molds and other set-up costs.
The subsidy ususlly covers 50% or more of the total costs.
The Institute has had available 1,5 million SEK (USS
270,000) per year for these subsidies. The support is
combined with a repayment condition: if the product is
successful in the marketplace, the company must pay back a
percentage of its profit on cach product sold.

The Institute can also issuc & guarantoe that a certain number
of products will he sold over a fixed time period, usually
two ycars, from the date marketing starts. If the guaranteed
number has not been sold, the Institute will buy the
remainder or issue & new gusranice ad cover the extra costs
for the company. The Institute can have a iotal maximum
of 4 miltion SEK (US$ 730,000) in outstanding guarantees
at any given time.

In their applications for support, manufacturcrs must inClude
information not only about the product, its characteristics
and its user group but also the total costs for production, the
intended product price, the number of products to be manu-
factured and the amount and type of support applied for.
This information is handled strictly confidentially.

mdecisionwgivewpponisbascduponanmcm
that includes the neod of the product, the expected quality of
thcprodmt.mclikelihoodofmcpmductnotbeingmanu-
factured without support, the capability of the applicant and
if the indicated price is reasonable.

If a decision to grant support is made by the Institute, an-
other agency, SUB, draws up & contract with the applicant,
stating in detail the obligations of the company and the con-
ditions for support, including a repayment schedule.

EXPERIENCES

Although the total financial amounts available for the sup-
port have been quite small, the program has proved to be
successful and valuable. On average, 15 products have been
supported annually out of 25 applications. Over the period
1980-85, more than 60% of the products supported were
markeied and sold successfully. Some have been exported.
Supported products range from ADL equipment to advanced
computerbased systems. Examples of products sold inter-
nationally are: communication aids Multitalk, PolyCom and
PolyTalk, Permobil powered wheelchairs, the Phoenix cane,
the Memory Maid hearing aid and the Index Braille printer.

mfundsfonhesupponpmgmmcomcﬁmnmewmsu-y
of Health. The primary goal of the program is to increase
the number of good assistive devices. But the program has
also had a positive effect on the assistive technology in-
dustry itself. It has clearly helped to create and support the
continued existence of new companies in the field of
assistive technology. For small companies in particular, this
support has been very valuable, or even necessary, for the
introduction of new products in their production lines.

The fact that the Handicap Institute shows faith in a
potential product by supporting it financially alsy helps the
companies 1o find other funding, from banks or investors.

In a recent govemment decision, the annual amount avail-
able for support has been increased from 1,5 to 4 million
SEK (USS$ 720,000), effective from 1991. The support can
now also be used 10 cover the final part of the development
phase, in order to bridge the gap between prototype and
product even more efficiently.

Gunnar Fagerberg

INROADS

Thames Valley Children’s Centre
779 Base Linc Road East
London. Ontario

CANADA

N6C 5Y6
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A Follow-up Plan For Rehabilitation Technology:
An Occupational Therapist's Role

Paul J. Mortola, MS, OTR, Jean Kohn, MD, Maurice LeBlanc, MSME, CP
Children's Hospital at Stanford, Rehabilitation Engineering Center,
Palo Alto, CA 94304

ABSTRACT

A follow-up program has been
implemented at Children's Hospital at
Stanford Rehabiiitation Engineering
Center to improve the length and the
intensity of the care clients recsive when
they are fitted with rehabilitation
technology. The follow-up program,
conducted by an occupational therapist,
used a three-group experimental design
to implement differing levels of follow-up
care to 60 subjects. Functional skills and
the user/device match were assessad.
Preliminary findings from 15 subjects who
received a custom seating system suggest
that the group whe received the highest
level of follow-up care were sitting more
comfortably, for longer periods, and liked
the appearance of their device more when
compared to the baseline group.

INTRODUCTION

What currently confronts the rehabilitation
technology field is the dilemma of individual
needs. How do we as health professionals
attempt to mold each piece of technology into
the lives of the clients so that they are as
functional as possible and the device is
produced within the time and monetary
constraints that govern our field? To
exacerbate these problems, technological
advances in the field continue to race forward
compounding the problem of identifying what
technoloyy is assisting the clients and what
technology is adding to the space shortage in
the clients' closets. The battle has only
begunl It has come time to find out exactly
what technology is being used, and by
whom? How it is being used? And for how
long?

The importance of this issue has not been
overiooked by National Institute on Disability
and Rehabilitation Research (NIDRR) who in
1978 funded the Children's Hospital at
Stanford Rehabilitation Engineering Center
(CH@S REC) to conduct research in the area
of device effectiveness {Kohn, et al., 1983).
In one of the findings cited, the team that
conducted 49 home visits out of a total study
population of 196, found that 21% of the

devices were rated by the team as "limited” or
"unsatisfactory". A recommendation from the
team was that "Routing foliow-up should be
staff initiated, at regular intervals; and the cost
of the follow-up should be included in the
initial cost of the device". As a result of this
finding, for the past two years CH@S REC
has been conducting additional research in
the area of follow-up under a NIDRR funded
REC on Technology Transfer. Even though
there has been some lag time in the

continuation of the follow-up concept it is no
coincidence that the opportunity has again
presented itself in a period when hospitals
and medical facilities are implementing
‘across-the-board’ quality assurance
measures to increase cost-effectiveness and
client-satisfaction.

In the past, rehabilitation technology has
been delivered with very little, if any, follow-
up. If there is going to be an enlightenment
concerning our understanding of how the
technology is assisting clients, a follow-up
plan needs to become one cog in the wheel
of the provision and delivery of rehabilitation
technology.

What Is Follow-Up? Follow-up in the general
market place is not a new concept, but in the
medical field, specifically in rehabilitation
technology, it is anything but common. A
good example of follow-up is the endodontist
who has his patients return six months after
their initial procedure was completed for a
brief, no-charge examination. Why does he
do this? There are probably several reasons
but the primary motivation being that in the
long run it is more cost-effective for him to
identify minor problems at the six-month
check and correct them rather than have
these patients develop major problems down
the road costing two to three times as much to
repair. When consumers buy a new car
costing $10,000 from their local dealer they
expect some sort of maintenance program
over the next few years or until the car
surpasses some designated amount of miles.
A consumer who needs to purchase a power
wheelchair and a custom-soeating system
which may cost as much as that new car
would find it frustrating to discover that the
likelihood of finding such a documented
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maintenance program for their new piece of
rehabilitation technology is highly unlikely.
After reviewing the literature available
regarding follow-up programs currently being
conducted, it would be next to impossible.

Studies by Kohn, Caudrey, Seeger, Coghlan,
Law, and McGrath point to one specific and
problematic question; how much, if any,
follow-up care should providers of
rehabilitation technology provide to their
clients? s it enough to call the clients two

weeks after they receive the device, or should
they be contacted at regular intervals
beginning shortly after delivery and
continuing through one full year? The
Implementation and Follow-up of
Rehabilitation Technology program currently
being conducted at CH@S REC is using a
combination of follow-up techniques to
determine how clients can receive maximal
benefit from their device and how the REC
can provide this service at a cost-effective
level.

An Occupational Therapy Role: In a field that
is not quite 30 years old, it is hard to identify
what a therapist's "traditional role" has been
in the provision and delivery of rehabilitation
technology. When pressed for a definition,
an occupational therapist's role will aimost
always involve an evaluation component that
calls for a decision possibly resulting in the
acquisition of rehabilitation technology.
Rarely does the occupational therapist
function alone in this capacity. Often times
the role of the therapist is to work with the
team (rehabilitation engineers, physicians,
clinicians, physical therapists, technicians,
etc.) in deciding the most appropriate
technology for the individual. The decisions
are not only based on the "want" of the client,
but the therapist's and team's knowledge of:
assistive technology and the type of devices
that are available and/or affordable; the
physical, cognitive, and emotional status of
the client; and the environmental concerns
that can determine the success or failure of a
device.

The occupational therapist/project
coordinator for the CH@S REC foliow-up
program is a unique position in the
rehabilitation technology field. However, the
type of therapy skilis that are needed for the
position are not reliant on any specialized
training but are the basic assessment and
evaluation skills that all therapists possess.

Whether it is a wheelchair, a seating system,
a below-knee prosthesis, or a communication
device, the therapist is trained to evaiuate
and assess the areas that need improvement
so that functional gains can be obtained. The
‘follow-up' therapist does just that, assess
and evaluate the client’s functioning with the
device. The device alone is not evaluated,
the client interface with that device and the
environment is. The role of the “follow-up
therapist” is to determine the status of the
client and their device and to use the
evaluational information to determine the
action that needs to take place.

METHOD

Group Structure: A total of 60 (N = 60)
subjects were entered into the follow-up
study during the five-month period in 1989 by
randomly assigning the client to the control
group (Group 1) or either of the two
experimental groups (Group 2 and Group 3).
Each of the three groups received a differing
amount of follow-up care. Group 1 recsived
the currently practiced follow-up care
(baseling) and Groups 2 and 3 received more
frequent and intensive follow-up care.

PRELIMINARY RESULTS

The intent of the follow-up program is to
determine what types of foliow-up are the
most effective and efficient during a one-ysar
period. Therefore, partial resuits will serve
only as an example of the type of resuits that
are expected at the conclusion of the one-
year study. The six-month results from 15
subjects (five subjects in each of the three
groups) who received a custom seating
system will be discussed.

+ Device use; Return Visits; Quality of
Work; Training Adequacy (Phone -Call
Follow-up Form): At the six-month evaluation
only one subject out of Groups 2 and 3 were
no longer using their device. Twenty percent
in Group 2 and 60% of the subjects in Group
3 had returned to the REC for refittings or
adjustments since they received their device
six months ago. Ninety percent of the
subjects in Groups 2 and 3 rated the quality
of work on their new device as "Above
Average" or "Excellent”. One subject out of
ten in Groups 2 and 3 found that the training
at the time of delivery was inadequate.
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» Comfort/Appearance (Functional
Evaluation Form): Subjects in Group 3
reported the greatest change in sitting
comfort from their old seating systems to their
new system. In Group 1, 40% feit that the

comfort was "Good" or "Excellent" in their old
system while 80% rated their comfort "Good"
or "Excellent” in their new system. In Group
3, 100% felt they had greater comfort in the
new system when compared to their previous
system. When subjects in Group 1 were
asked how long they could tolerate sitting in
their seating system sach day, 40% could sit
for six hours or more in their old system while
60% could sit in their new systems for the
same length of time. Eighty percent of the
subjects in Group 2 and 100% of the subjects
in Group 3 were able to sit for eight or more
hours in their new systems. Both these
figures were greater than the subjects sitting
tolerance in their old system. When asked if
the devices appearance was acceptable,
only the subjects in Group 3 were all satisfied
with their new devices appearance.

DISCUSSION

The findings discussed in the results section
are incomplete and preliminary. Even with
this premature analysis there are obvious
trends that favor the subjects in Group 3. The
fact that a subject was in Group 1, 2 or 3 did
not alter , in any way, the recommendation or
selection of a particular device. Yet, the
preliminary results show that subjects in
Group 3 are more comfortable, are able to
tolerate sitting longer, and like the
appearance of the device better than the
subjects in Group 1 and, to a lesser degree,
the subjects in Group 2. How can this be
explained? The full impact of follow-up can
not be realized until this study and others of a
similar scope are analyzed. For now, it can
be assumed that since the subjects in Group
3 were seen at the REC for additional work
(following the initial dslivery) on a
significantly more frequent basis, their device
has a better “fit" than those subjects who
have had no additional visits.

The role of the occupational therapist in the
follow-up program can be a natural extension
of the evaluation and assessment skills
possessed by all therapists. Rehabilitation
technology can be divided into two areas:
"low technology" which commoniy is
associated with "off the shelf" products that

Follow-up: Occupational Therapist's Role

are usually not customized (i.e., reachers,
button assists, etc.); and "high technology”
which is customized and tends to be "one-of-
a-kind" equipment that require evaluation
and fabrication components. Ailthough these
devices vary somewhat, the critical need for
an accurate evaluation, training, and follow-
up can play a significant role in the eventual
acceptance of the device.

Although follow-up is by no means a routine
practice in the field of rehabilitation
technology, occupational therapists are well
suited to functionally assess the match of
technology with the needs of the users.
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Management of Spasticity via Electrically Operated Force Relecting Sticks

Daniel W.

Repperger

Armatrong Aerospace Medical Research Laboratory
Wright Patterson Air Force Base, Ohio 45433-6573

Introduction:

At the Armstrong Aerospace Medical
Research Laboratory, Wright
Patterson Air Force Base, Ohio,
recent Department of Defense (DoD)
studies have investigated force
reflecting stick controllers which
assist pilots in removing extraneous
responses in their stick motions.
These types of extraneous arm
motions are a consequence of a pilot
flying an aircraft in a complex
acceleration environment. This same
type of technology developed in the
DoD can be easily transferred to
studies in Rehabilitation
Engineering involving spastic
patients. The objective of this
study is to obtain better stick
controllers which preclude or better
manage spasticity. A joint effort is
being initiated between the VA/DoD
with application to head trauma
patients at the VA in Hines,
Illinois. The two most obvious uses
of this techrolony are: (1) Design
of spastic Zree wheelchair stick
controllers, (2) Design of stick
controllr:rs for input devices into
computers as communication aids.

Methods:

The device constructed for this
effort was constrained to be
completely electrically operated. It
was required to use minimum electric
power, it must operate in two axes
with force reflection occurring in
both axes simultancecously, and the
device must have minimum weight ard
size. The force reflection devel~ned
by this system must only penali.e
spastic arm motions. Normal stick
displacement motions for control of
a device such as a wheelchair must
not physiologically fatigue the
user. Thus the device must recognize
the difference between a spasm and a
normal stick motion in order to
apply force reflection at the
appropriate time.

Results:

A two axes, force reflec@ing )
stick prototype has been built which

can act (electrically) as a pure
dashpot, or a pure spring, or any
hybrid ccmbination of these
mechanical characteristics. The
method of distinguishing between a
spasm and a normal stick input is
developed in electrical hardware.
This circuit is developed on a small
testboard and can easily be
converted to a chip. The overall
device produces up to 4.8 foot-
pounds of torque and its size is
guite manageable for wheelchair
applications because it fits in a
reasonably small volume. The
electric operation of this device is
such that when no spasm occurs, no
power is withdrawn from the battery.
Therefore it is an apparently subtle
device which only operates during a
spasm. The testbed developed for
this study is to be used to collect
data and to illustrate the efficacy
of force reflection to better manage
spasticity. Testing of patients
with spasticity will commence in the
summer of 1991.

Discussion:

The technology developed in
aircraft stick controllers to remove
undesirable biodynamic responses can
be transferred to studies dealing
with the management of spasticity.
The convenience of using electrical
devices results in a small testbed
that is amenable to studies in
Rehabilitation Engineering. By
having such a device which is
constrained to minimize the electric
power drained from a 'source such as
a wheelchair battery, this
technology becomes attractive for
use in Rehabilitation Engineering.
The remaining constraints such as
size, weight, and torque output make
the engineering design of such a

device a technelogy breakthrough for
+hose people who need assistive aids
to help manage spasticity. The
prototype developed by the DoD will
be demonstrated at the RESNA
Conference.
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Low Vision - The Reference -
A Case Study of Using Disk Media to Disserinate Bibliographic Information

David L. Jaffe - Rehabilitation Research & Development Center
Gregory L. Goodrich - Western Blind Rehabilitation Center
Department of Veterans Affairs Medical Center - Palo Alto, CA

Abstract

Low Vision - The Referenceis a cemputer disk-
based compilation of over 3700 citations of books,
journal articles, conference proceedings, and other
works on the broad topic oF low vision. It covers
the areas of rehabilitation, optometry, nsychology,
ophthalmology, visual science, and education.

Providing this information on a disk enhances its
utility over the personal compilation traditionally
employed by researchers. It is easier to update and
distribute and it can be used with a variety of
computer systems and database programs. In
addition, it is accessible to low vision and blind
researchers through the use of adaptive haraware
and software.

Backgrouad

In 1985, Dr. Olga Overbury, then a post-doctoral
fellow at the Western Blind Rehabilitation Center
(WBRC) at the Palo Alto VA Medical Center,
began accumulating a low vision reference list.
The compilation suon contained several hundred
citations. In 1986, the list was distributed as a
handout_at the First California International Low
Vision Conference held in Asilomar, CA. When
Dr. Overbury completed her fellowship, the
reference list was taken over by one of us
(Goodrich). By 1989, it had grown to over 1000
entries. Although frequentlg used by its authors,
few researchers in the tield knew of the
reference’s existence.

In the intervening years, the reference became
more  comprehensive by incorporating
bibliographies compiled by Hilda = Caton,
Marrianne May, and other colleagues at the
WBRC. Reference lists from publications and
computer literature searches were also added.

Objective

Several suggestions were considered as ways to
improve researcher’s access to the low vision
literature. First, a comprehensive reference would
be desirable. Second, a keyword index would
make locating references easier. Third, a text
document would be cumbersome to search
compared with a disk-based version. Fourth, both
Macintosh and IBM PC disk formats of the
reference would have to be available. Fifth,
generic file formats would make the reference
compatible with a variety of commercial database
application programs. Finally, disseminatiou on a
computer disk would allow the greatest flexibilit

in modifying the data. An approach meeting all
these requirements would give any user with a

personal computer easy access to a versatile and
comprehensive database of the low vision
literature.

Method / Approach

Low Vision - The Reference, a compilation of low
vision citations, has been developed on computer
disk media as an improvement over the traditional
publication of this bibliographic information in
print form. A print version would be bulky {over
400 pages) and inaccessible to users with low
vision or blindness. Since the average number of
publications per year in low vision has doubled
each decade since 1950 (see Figure 1), a text
document would soon become obsolete. On the
positive side, the disk format offers many
important benefits. The entire reference can be
stored onto one standard 3.5 inch flo;{py diskette
which is easier to l(szdate, duplicate, and
disseminate than a bound print volume. The disk
media vwi3ion of the reference is compatible with
both Macintosh and PC computers. The
information on the disk is stored as database files
that are easily searched and sorted to find eutries
that meet certain criteria. For example, all
references of a particular author or citations
covering a specific topic like color vision can be
retrieved. Finally, the computer version can be
made accessible to low vision and blind database
users by using various large print and voice output
adaptions to computer systems.

publicatlons/year/decade.

Ave,

1970-16
1940-49
1870-79
1980-89
19890-99

Decade

Figure | - The number of low vision publications
per year by decade.
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Low Vision - The Reference

The Macintosh version of Low Vision - The
Reference was created using FileMaker (Claris
Corp.) and requires one megabyte of RAM and
1.5 megabytes of hard disk space. This version is
also accessible with Macintosh compatible
database software that accepts tab delimited text
fields and recognizes records separated by a
carriage return.

The PC compatible version of Low Vision - The
Reference is identical in content to the Macintosn
version and is stored in a dBase (Ashton-Tate)
compatible format. One of several dBase-
compatible software packages is required to use
the database. For ease of dissemination, the files
on the PC compatible disk have been compressed
to fit onto one 3.5 inch 720K floppy disk. During
installation, the files are decompressed and moved
to the hard disk where they occupy 3 megabytes.

These text/dBase file compatibility formats have
wide acceptance and allow users considerable
freedom in their choice of database software.
Therefore, the purchase of a specific commercial
database program is not required.

As illustrated in the sample record below. each
citation in Low Vision - The Reference, is
composed of five fields: author, date of
publication, title, source, and keyword index. Each
of these fields can be searched to find the citations
that meet the researcher’s needs.

Sample Record:

Busse, D.G., Rorer, L.R., Pevell, R.R. & Vadasy, P.F.

{1985).

Baploysent of deaf-blind Rubella students in a subsidized work progran.
Journal of Visual Inpairment and Blindness, 79 (2), 59-64.

WULTIPLE HANDICAPS, VOCATIONS, LEARNING SKILLS AND DEVELOPMENT, RUBELLA

The keyword index field was added to each
citation as another method of sorting and selecting
references. The 81 keywords are organized in the
following major categories: aciNG including
cuipren  (under 18 and including infants),
CHILDHOOD DEVELOPMENT (motor and personality
developinent), and LEARNING SKILLS AND DISABILITIES
(including cognitive skills), pevices (13  areas
including general vision correction, evaluation,
and technological studies), eptcarion (4 areas
including school settings), EYE DISEASES & DISORDERS
(32 areas), EYEsUrGeRY (including all surgeries),
raMiLy 1sstEs  (including involvement and
counseling), LIGHTING ?including light and
illumination studies), 1.0w viSiON SERVICES (2 areas
including delivery, organization, management, and
evaluation of clinics, departments, or agencies),
pERceEPTION (11 areas including tests of vision),
PERCEPTUAL SKILLS AND TRAINING (5 areas including
utilization studies, rehabilitation, and eye
exercises), SOCIETAL CONSIDERATIONs (includin

social and economic costs of vision disorders), an

STATISTICAL  STUDIES  (including demographics,
epidemiology, and case studies of over 250
subjects).

The disk versions are accessible with some large
Brint and synthetic voice access programs. Low

ision - The Reference has been successfully used
in the Macintosh environment with CloseView
and Outspoken with the FileMaker database
application program. In the PC version, dBase
databases have been tested with JAWS, VERT,
and Artic Vision speech synthesizers.

Coburn Optical Industries provided a grant to
support the citation entry, keyword indexing, and

to make this
y useful form to

proofreading tasks necessa
reference available in a hi
researchers around the world.

Both the Macintosh and PC versicrs of the
database are available from:

Low Vision Center of Tulsa
Autumn Oaks Building

6846 South Canton Ave., Suite 130
Tulsa, OK 74136

918/494-6000

918/494-0175 FAX

Discussion

Low Vision - The Reference was first made
available in December, 1990 through Coburn
Optical Industries and has been advertised
through LOVNET, an organization of low vision
investigators with electronic mail accounts on
Internet. As of this writing, several dozen orders
have been placed with Coburn. An evaluation of
the reference, its ease of installation and use is
planned by the authors.

As demand warrants, updates will be made
available on computer disk.

Reference
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An interdisciplinary Approach to Product Assessment

Kitch Barnicle' & Chris Lavanchy?
'National Rehabilitation Hospital, Washington, D.3.
-ECRI, Plymouth Meeting, PA

ABSTRACT

Several classes of rehabilitation equipment
were evaluated by an interdisciplinary team
including occupational theraplsts, physical
therapists, biomedicai, and mechanical
engineers. The results of performance
evaluations, clinical assessments as well as
input from additional clinical experts and users
were combined to create comprehensive
reports reviewing selected assictive
technology. Five classes of products have
been or are currently being evaluated by the
team of clinicians and engineers. The results
of these evaluations can help individuals make
the appropriate, critical match between the
user and the device.

BACKGROUND

Choosing or prescribing assistive technology
can be a difficult task. Many factors which
are unique to each potential user must be
considered prior to selecting a device, such as
current physical status, prognosis and the
home or work environment. The significance
of the decision to purchase a piece of
adaptive technology increases when cost and
reimbursement issues are considered. In
many instances a third party payor will only
reimburse a consumer for a single device and
if a poor selection is made the user is often
left without further alternatives. Adding to
the dilemma is the sometimes large number of
devices available within a class of products.
The consumer often does not have the
resources avaiiable to determine which device
will work effectively and efficiently to meet
their needs, is reliable, safe, easy to uze as
well as affordable. [Galvin, 90] Consumers
and clinicians must make the decision to buy
or prescribe rehabilitation products based on
information provided by the manufacturer and
or product vendor. In many rehabilitation
centers only a limited number of devices are
available for trial use. The purchase of a
piece of equipment can represent a significant
expenditure for an individual, family or third
party payor. The consequences of a poor
match between an assistive technology user

2

and devixs can range from device
abandonmert with a subsequent decrease in
independencs to serious medical
complications. {Batavia,90]

APPROACH

Evaluating assistive technology requires
several steps and input from representatives
of many disciplines. The evaluation process
combines two distinct methods of analysis,
engineering and clinical analyses. Many
human factor, ease of use and safety features
of ‘the devices under test are evaluated from
both an engineering and clinical perspective.
Throughout the process of evaluating assistive
devices the findings of the engineering and
clinical analyses have a great influence on
each other. The preliminary results of
performance testing may result in a redirection
or updating of the clinical assessment.
Likewise an unexpected finding during a
clinical assessment may suggest the need for
additional performance testing. Below is a
description of the testing conducted during a
product evaluation. Though discussed
separately here, the successful integration of
results is important in the development of a
product evaluation.

Performance Testing

Prior to testing products, research is
conducted to determine the existence of
previously established United States or
international standards. Performance criteria
are created using existing standards. if no
standard for the device has been established
performance criteria are adapted from criteria
for similar devices or are based on the
perception of need derived from extensive
product research. Performance analysis can
encompass a wide range of tests depending
upon the complexity and intended use of a
device.

Product evaluation involves examining three
central aspects of the product, its
performance, safety and ease of use. The
evaluation begins by examining certain basic
criteria such as stability, load capacity,
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electrical and/or mechanical safety and quality
of construction and design.  Additional
product specific tests are also performed,
such as the maneuverability of scooters or slip
resistance of canes {see table 1). Performance
tests are developed to reflect actual use
situations. Device testing is conducted at an
independent test laboratory.

Clinical Agsessment

In addition to the extensive performance
testing, each product evaiuated undergoes a
clinical assessment. Qc¢cupationa: therapists,
physicaltherapists and rehabilitation engineers
assess the device to determine its functional
effectiveness. These assessments are based
on an analysis of how the devlice will be used,
the clinicians experience with the device,
published reports and Interviews with users.
The clinical assessments are conducted in
order to determine how individuals with
varlous dlsabilities will function with a
particular device. For example, an individual
with arthritis may find a comfortable scooter
handle valuable while an individual who may
have difficulty transferring may find a swivel
seat more important than the handle type.

The clinical and engireering analyses of the
products are carefuily merged to create a
document that is clear and easy to read.
Throughout the evaluation process the test
methods, procedure and documentation
undergo extensive review by experienced
engineers, clinicians, manufacturers and
consumers [Brown, 90). Efforts are made to
ensure that the final report is both accurate
and understandable. The final document is
disseminated to consumers, manufacturers,
clinicians and third party payors.

Results

Five classes of devices have been or are
currently being evaluated {see table 1). The
last column represents the percentage of
devices that were rated acceptable, foliowed
by the total percentage rated acceptable or
conditionally acceptable. In other words
almost all of the devices tested are acceptable
for use but many only under certain
conditions. For example, virtually all of the
canes evaluated met the established criteria,
however, many were rated conditionally

PRODUCT 1EST

CATEGORY

% Rated™”
Acceplable

Patient Transfer -waeight capacity

Aids -wear resistance
-surface texture
-weight

-user comfiort

-ease of use

-quality of construction
safety

ease of cleaning

40% /80%

-rotating disks
-slings

-transfer boards
‘transfer stands

Patrent Lifts -strength

-Stability

-tendency to swing
quality of construction
and design

-fluid spill

-ease of use
-mechanical efticiency

60% /100%

Canes
Crutches
Walkers

-static loading
-dynamic loading

-slip resistance

stability

-ease of adjustment
-quality of construction
and design

Canes

54% / 100%
Crutches
100% /
100%
Walkers
73% 1100%

Scooters” -maneuverability
-stability

-range not
-handling rated

-general safety

Scooters

Batteries” 14 -.capacity

life time

Batteries

-gel cell 8 not
-sealed cell 2 rated
-wet celt 4

* 1hese products currently being evaluated, results are
preliminary

** Percentage rated acceptable / percentage rated
acceptable or conditionally acceptable

acceptable and should not be used by
individuals weighing over 230 pounds due to
their inability to withstand potential high
impact loads. [REquest,90 Canes Crutches &
Walkers)

Though most devices passed the performance
tests, the accompanying clinical assessment
indicates that certain devices may not be
appropriate for many individuals. For
example, one transfer aid was rated
conditionally acceptable; it passed the test
criteria. However, the device should not be
used by Individuals with a breathing
impairment because the unit may cause chest
compression or dislodge ventilator tubes
[REquest 90].
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DISCUSSION

Because individuals with a variety of
functional limitations may be purchasing and
using the same device it is important that
these individuals assess their own needs and
environment. This is particularly true of first
time buyers who may not be aware of all of
their needs. The importance of having both
engineering and clinical analyses of a device
becomes apparent during the process of
product selection. Combining the results of
the evaluation in one document will help
potential buyers or users determine what type
of features and charactenstncs will meet their
needs.

The collaborative procedure of evaluating
assistive technology deveioped at the REC,
and the independent testing laboratory, was
designed to assist consumers and clinicians
with the process of selecting the most
appropriate assistive technology. The reports
produced are also intended to assist third
party payors make reimbursement decisions.
In addition, the product evaluations provide
important feedback to manufacturers and
equipment dealers as to how their device
performed relative to its competitors and
which features were considered valuable or
detrimental to the effective use of the device.

Further work is needed to encourage the
medical, rehabilitation, and manufacturing
communities to develop product standards
and evaluation procedures for all assistive
technology.
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TECHNOLOGY TRANSFER THROUGH STUDENT DESIGN PROJECTS

Allen H.

Hoffman and Holly K. Auit

Mechanical Engineering Department
Wworcester Polytechnic Institute

ABSTRACT

Engineering student projects which
design and construct devices to aid
the handicapped are a unique mode
of technology transfer. Advantages
of this mode of technology transfer
are direct interaction between the
user and the design team, the
creation of unique custom designs
at minimal cost, .and the ability of
the design team to wutilize the
technical expertise and resources
of a multidisciplinary university.
Disadvantages are long lead times,
inexperience of the design team,
variable workmanship, and the lack
of design improvements fostered by
a long term relation between the
user and the design team. Several
examples of devices designed by
student teams are presented.

BACKGROUND

Handicapped individuals often
require customized assist devices
to meet their special needs.
Currently there is 1little infra-
structure to deliver services for
the design and construction of
highly individualized devices at
reasonable cost. Thus, the need
for very specialized equipment is
often not fulfilled. For less
unigque needs, a typical approach is
to take a standardized device and
attempt to modify it. Often these
modifications are of an "“ad hoc"
nature and the outcome depends
solely on the skill of the person
performing the modifications.
Furthermore, the private sector is
often not interested in producing
devices which may be desirable but
are not required, such as recrea-
tional sports devices. Overall
there exists a void in the delivery
of customized assist devices to
users. Student projects are an
opportunity to focus the combined
resources of the university and
rehabilitation center on the
solution of specific problems. The
value of this mode of technology
transfer has been recognized by
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both rehabilitation centers (1) and
the National Science Foundation

(2).
OBJECTIVE

We and our students have undertaken
a series of student design projects
which attempt to meet the needs of
individual users. The features
incorporated into these individual-
ized devices often have wider

application among groups of users.

METHOD /APPROACH

Our institution requires that all
students complete a major (design)
project during their senior year.
To generate projects, we have
developed 1long term relationships
with several rehabilitation
facilities. Profersionals (i.e.
engineers, occupational therapists,
etc.) at these facilities develop
written descriptions for potential
projects and agree to serve as off-
campus liaisons for the project if
it 1is selected by the student
teams. The project descriptions
are used to recruit students. More
projects are suggested than can be
implemented. The faculty decide
how many student project teams,
each containing 2-4 students, we
will advise. There is considerable
student interest in rehabilitation
design projects and we have found
it necessary to select among the
student applicants. The students
then form their own design teams
and select their specific projects.
The project liaison acts as the
interface between the faculty/
students and the user. A primary
requirement for successful
completion of the project is the
design, construction and delivery
of a working device (or model if
that was the objective). Faculty
meet with the student teams on at’
least a weekly basis, while
meetings are held with the liaison
and/or user on approximately a
monthly  Dbasis. Telephone/mail
contact is more frequent. Direct
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STUDENT DESIGN PROJECTS

costs associated with the design
projects are primarily for
construction matcrials. These
costs have been offset by donations
of materials from the rehabilita-
tion centers, manufacturers, the
college and more recently by a
modest budget from NSF under the
BRAD program. Examples of design
projects are presented in the
results.

RESULTS

Among recently completed projects
is the design of a mechanism to
allow a quadraplegic to row a boat
more efficiently. The design used
the force exerted by the rower
against the back of the seat to
move the oarlock relative to the
seat position and thereby improve
the efficiency. A model of the
mechanism was built.

A user operated wheelchair lift was
designed and built to facilitate
transfers between a bed and a
wheelchair. A hand operated
hydraulic piston powered the device
and incorporated a unique safety
mechanism to prevent the wheelchair
from rolling off the 1lift. In
another project, a standing device
was constructed to enable a para-
plegic to participate in sports
activities such as golf and base-
ball batting (Figure 1). Current
projects involve the design and
construction of a powered personal
mobility device for a young child
(age 3-6) and the design and
construction of a lightweight
sports wheelchair frame.

DISCUSSION

The direct and continuing

inter-
action between the design team,
rehabilitation professional and
user enhances the 1likelihood of a
successful device. Frequent
contact is essential to ensure that
the device meets the user’s needs.
In our experience, the students
tend to become very committed to
developing a successful device and
no longer view the project as
purely an academic exercise. From
an expense standpoint, only the
direct cost of materials needs to
be covered. Project advising is
part of the faculty’s normal work
load. our institution prohibits
payment of salaries to undergrad-~

uates when academic credit is
earned. Since student projects are
required, the university expects to
commit a modest amount of resources
to this activity. The students
have access to the expertise and
facilities of the entire univer-
sity. This includes out-of-
department faculty, shops, library
and computer facilities. Similarly
the students have access to the
rehabilitation center data bases,
personnel and expertise. In
effect, the student design teanm
becomes a vehicle for transferring
technology between the university,
the rehabilitation center and the
user. This approach is well suited
to designing devices for unique
applications which require
interdisciplinary expertise.

An additional ©benefit is that
engineering students are exposed to
real problems in the rehabilitation
field. This exposure often changes
their view cf the disabled and for
some students, it influences their
career path.

There are some disadvantages to
this approach. The process is slow
and thus not suited to meeting the
immediate needs of the |user.
Generally it takes one year or more
from when a project is first
proposed until it is completed.
Student teams are inexperienced in
the design process and thus project
initiation time is extensive.
Major portions of the devices are
student produced and workmanship
can be variable when compared to a
professionally manufactured
product. However, the devices are
functional and in some cases would
not have been produced in any other
manner. Usually there is insuffi-
cient time remaining after the
initial device has been produced,
to modify it, and develop an
improved second generation device.
The rehabilitation facility may not
have the resources or time to
further improve the device.

In summary, student design projects
offer a unique method for the
transfer of tecchnology from a
university environment to the
rehabilitation community. Custom
devices are created at minimal
cost. Direct and continuing
interaction between the design
team, rchabilitation professional,
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and user is necessary to assure a
successful outcome.
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Figure 1. Sports Standing Device
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Using thc Knowledge of Human Factors Enginecring in Rehabilitation
Scrvices

James A. Boyless, P.E.

Department of Special Education and Rchabilitaiion
University of Arizona
Tucson, Arizona USA

Introduction

Rehabilitation  professionals  have  the
opportunity (o lessen the impact of a disabling
condition by proscribing assistive technology
devices. The application of assistive technology
holds grcat promise for ecariching cducational
opportunities, improving independent living
options, equalizing cmployment opportunitics,
and cxpanding lcisure skills for persons with
disabilities (Barker, 1990). There remains,
however, gencral agrecement that the services
required to properly match clients' abilitics
with appropriate cquipment options, and 1o
provide the cquipment usage training across
environments. arc still fragmented (Barker).

Discussion

Fragmentation of the required scervices in
rchabilitation  exists  because  assislive
technology, when applicd to assistive devices in
rchabilitation, is haphazard, misapplicd,
misundcrstood, and mismalched. Haphazard
application of assistive technology is the result
of buying an off-thc-shelf item and cxpecting it
to work without cvaluation. Misapplication
occurs when more technology is thought 1o be
better than appropriatc technology.
Misunderstanding is the result of of simply
being unawarc of what assistive technology s
available. Finally, the clicnt can be
mismatched with assistive technology beyond
his/her  capabilitics, limitations, and nceds.
Applying human factors engincering principles
to the system combination of client and
assistive  technology can climinate or
drastically reduce fragmentation in the
rchabilitation  system.

Both the rchabilitation system and the human
factors cngincering discipline have as a central
focus: the client.  Rchabilitation professionals
allempt to restore their clicnts to that client's
maximum potcntial, perhaps using assistive
technology, while human factors cngincering
specialists  design  and  cevaluate syslems o
enhance cffectiveness and cefficicncy for the
client.

Human factored designed and cvaluated systcms
arc composcd of human, machincs, and other
items coupled together in one place, at one
time, interacting to rcach a goal that could not
be rcached independently (my cmphasis) by
these samc components Bailey (1982). The key
word is independently. It appcars that
rchabilitative  personnel in  the system are
acting independently rather than personncl in
a sysiem united in its cffort to support the
clicnt. :

By acting indcpendently individuals within the
rchabilitative system depart from its intended
mission of clicnt support, resulting in
fragmentation. The author does not imply that
acting indcpendently is inappropriate but
rather  to  cmphasize that  rchabititative
personnel in the rchabilitation system  must
have a focal point that provides relevant
information on assistive technology and its
application to the nceds of the client.

The focal point, in the rchabilitation system for
assistive technology application, should be the
rchabilitation cngincer cognizant of human
factors cngincering principles. Rchabilitation
cnginccring  professionals  combine  an
intcrdisciplinary study of cngincering, liberal
arts, scicnce. and cducation. Rchabilitation
cngincers  take  supported courses in
psychology, sociology, physiology, special
cducation, and rchabilitation that cnhance the
understanding of human abilitics., limitations,
and nceds.  The cducation of rchabilitation
cngincers docs not end with graduation, but
through continual study thesc professionals
remain updated on new approaches, techniques,
and cquipment to match clicnts with the
appropriate technology. Onc arca of study for
the rchabilitation c¢ngincer includes human
factors cngincering.

Human Factors Engincering

Human factors cngincering or human factors, in
simple terms, mcans designing for human use.
The dcfinition of human faclors is bascd in
terms of focus, objcctives, and approach.
Human factors specialists focus on human
becings and their interaction  with products,
cquipment,  facilitics, procedures, and
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cnvironments used in work and cveryday living
to better match the capabilitics, limitations,
and nceds of pecople. The two major objectives of
human factors arc a) to ecnhance the
effectiveness and cfficicncy with which work
and other activitics arc carricd out and b) to
enhance certain  desirable human valucs.
Human factors cngincering spccialists approach
dcsign and evaluation through the sysicmatic
application of rclevant information about
human capabilitics, limitations,
characteristics, bchavior, and motivation.  This
definition lays the foundation for the
fundamental concept in this discipline.

The fundamcntal concept in human factors
cngincering is the systrem. Restating Bailey
(1982), a system is an cntity that cxists to
carry oul somc purposc. Systcms arc composcd
of humans, machines, and other items couplcd
together in one place, at onc lime interact to
rcach a goal that could not be rcached
indcpendently by these same  componcnts.
Human-machinc systems arc combinations of
onc or morc human beings and onc or morc
physical components intcracting to bring about,
from given inputs, somc desired output Sanders
(1987). Human-machinc systems include
manual systems, mechanical systems, and
automated systems. Manual systems consist of
tools and other aids. Mecchanical or
scmiautomatic systems consist of well-
intcgrated physical parts that arc gencrally
designed to perform their functions with liule
variation. Automated systems perform  all
opcrational functions with little or no
intervention once activated. Each system
rcquires various levels of human comrel and
levels of technology.

Control of the system is accomplished through

the human-machine intcrface. The
human-machine interface is the most important
portion of the system. Through the interface,
the individual reccives information in order to
activate, respond, control, or dcactivatec the
systcm. Information may bc presented to the
clicnt through visual, auditory, and iactile
displays or through specch communication. The
human-machinc interface is crucial to the
intended goal of the system. If dcesigned
correctly, the human-machine interface aids in

rcaching the system goal and clicnt
satisfaction. Client satisfaction increascs
cffectivencss and cfficicncy while at the same
time reduces stress and fatigue in work and
other activitics. Satisfaction also mcans a
successful system design.

The successful system design results from the
human factors cngincering process.  Given the
goal of a dcsired system, thc human factors
cngincering specialists formulate a design 10
meet that goal by applying rclevant information
about the capabilitics, limitations, and nccds of
the clicnt, matching appropriatc cquipment
options, and intcgrating a human-machinc
interface for positive flow of information.

Conclusion

With a focal point for tcchnology. the
rchabilitation systcm can overcome
fragmentation from indcpendent application of
assistive tcchnology that is  often haphazard.
misapplicd. misunderstood and mismatched for
the client.  The client will derive maximum
benefits from the appropriate assistive device
designed and cvaluated under appropriate
human factors enginccring principles. Finally,
clients will bencfit from desirable human
valucs including increased comfort, reduced
fatiguc and stress, and greater satisfaction.
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. Inteltigihility Experiments with a Feature Extraction System
Designed to Simulate a Low-Bandwidth Video Telephone for Deaf People

Judith E. Harkins, Ph.D., Anthony B. Wolff, Ph.D., and Elizabeth Korres
Gallaudet University

Richard A. Foulds, Ph.D. and Scott Galuska, M.S.
A. 1. du Pont Institute/University of Delaware

INTRODUCTION

This paper describes experiments to evaluate an algorithm for
extraction of features from videc images of individuals
producing signs and fingerspelling. The experiment assessed
the intelligibility of off-line processed images presented at four
frame rates.

A system developed at the University of Delaware/A. |. du Pont
Institute was evaluated through inteliigibility tests by researchers
at Gallaudet University.

In order to develop a way for deaf individuals to communicate
over ordinary residential telephone lines by signing, methods
must be developed to severely compress the amount of data
found in full video, such that the information may be transmitted
in realtime. The method chosen by for this study is the
extraction of important features of a signer, such as hands,
torso and facial features, using a sophisticated 5 x 5 pixel valley-
detection operator developed by Pearson and Robinson
(Pearson and Robinson, 1985). Ater further development, the
feature extracted images could then be transmitted over a
phone line and animated on the receiving end.

Two questions were addressed regarding the technical foasibility
of ransmission over a telephone. First, could the computer
perform the feature-extraction quickly enough to achieve real-
time conversation? By using parallel processors called
transputers mounted inside a PC, video could be processed at a
rate of 7.5 to 9.0 frames per second (fps) with a spatial
resolution of 256 x 256 pixels (Galuska, 1990). These images
could then be animated at a rate of 30 fps by processing every
third or fourth video frame in succession.

Regarding the intelligibility and acceptability of the images to the
intended users, many questions are raised. The most obvious
question is whether the processed images produce signs and
fingerspelling that are intelligible, and what frame rates are
necessary for intelligibility. Another question is whether signers
are willing to adjust their signing to compensate for weaknesses
in the system; for example, will singers willingly Slow their
fingerspelling for reasons of enhancing intelligibility? The first
questions are addressed in this experiment and the second
questions will be evaluated when a real-time system is
completed in 1991.

METHCD

Once the feature extraction algorithm was devised, four frame
rates were selected for evaluation. Thirty fps was chosen
because of its value in comparison with the control condition of
tull-video, which also is presented at 30 fps. The rates of 10,
7.5, and 6 fps were chosen because of the possibility to reduce
the data transmission requirement by factors of 3, 4, and 5,
respectively.

Preparation of Stimult

The stimuli wero videotaped using a commercially available VHs
video camcorder at a rate of 30 fps and a shutter speed of
1/500 second. The signers wore solid, dark clothing and were
videotaped against a solid biack background in order to achieve
the greatest amount of contrast between the skin tone and the
background. This is important for the feature extraction process
to yield images that retain important information (such as hand
shape) while eliminating unimportant information (such as a shirt
pattern). After the signers were videotaped, the stimuli were
processed off-line (not in reaktime) one video frame at a time.,

Each frame was feature-extracted, and the results for each frame
were stored in a disk file. By doing so, the stimuli could be
animated at various frame rates by using only those frames
needed for that rate (i.e., every frame for 30 fps; every third
frame for 10 fps; etc.)

Stimuii

Stimuli consisted of 30 signs, 60 fingerspelled sequences, 6
sentences, and 6 questions. Three signars were used, each
one producing one-third of the stimull.

Signs. Thirty sign stimuli were selected for the trait of either
robustness or fragility on the handshape dimension of a sign
(Bornstein and Jordan, 1884), which may be the sign feature
most vulnerable to distortion in the feature-extraction process.
Half the .igns were presented with lip mcvement and half
without. The variables of robustness/fragility,
presence/absence of lip movement, and signer were
counterbalanced in the order of presentation of the signs.

Fingerspaelling. For the fingerspelled stimuli, 30 words of four
letters and 30 four-letter sequences were used. In the iist of real
words, an attempt was made to approximate the frequency of
appearanca of letters in English. Nonsense sequences were
created by random selection of the same letters used in the real
words. Three signers were used. Thirty stimuli were presented
at 100 letters per minute and 30 were presented at 240 letters
per minute.  (For purposes of this study, we have designated
these two rates as ‘slow’ and ‘fast,’ but in practice, 240
characters per second is moderate speed; fingerspelling would
not likely be considered fast until it reaches about 360
characters per minute.) The variables of real/nonsense words,
spaed, and signer were counterbalanced in the order of
presentation of the fingerspelling.

Sentences and Questions. Six sentences were prosented.
Subjects repeated the sentencs to the experimenter, who rated
these for accuracy. Following each sentence, a question (in the
processed form) was asked about the system, and Subjects
answered the question. These answers were either coded as
correct or entered in their English gloss form.

Subjects

Deaf subjects were recruited from the student body and staft of
Gallaudet University. The 120 subjects were fluent signers and
had been using sign language for at least ten years. All were
high school graduates and 42% had completed college. Ages
of subjects ranged from 18 to 50, with a madian of 26. Ninety-
two percent reported their degree of hearing loss as severe or
profound.

Subjects were randomly assigned to one of five conditions: (1)
standard videotape (control), or processed signs at (2) 30
frames per second (fps), (3) 10 fps, (4) 7.5 fps, and (5) 6 fps.
Subjects were randomly assigned an order of presentation of
signs, fingerspelling, and sentences.

Experimental Procedures

Subjects viewed a total of 16 practice sentences (eight
sentences, each repeated once) in the experimental condition
assigned to ther, prlor to viewing the stimuli; this was done to
avoid training effects In presentation of the stimuli. Order effects
were controlled by counterbalancing presentation of blocks of
signs, fingerspelling, and sentences, and, within those biocks,
by counterbalancing various features of the stimuli, as described
above.
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Intelligibility Studies

Tabls 1

Moan correct responses
(Relative Frequencies)

Signs Fingerspelling Sentences Questions
(30 items) (60 itemns) (6 items) (6 items)

All conditions 94.84% 68.60% 71.67% 77.64%
(n = 120)

V'udooupo(control 98.33% 85.35% 82.64% 95.14%
n = 24)

Processed

0 fps
(n = 24)

10fps
(n = 24)

7.51ps
(n = 24)

6 fps
(n = 24)

Figqure 1
Fingerspelling
Percent
Correct
100

Slow specd. meaningful stems only (15 atems)

Slow speed fingerspelling (31 1ems)

1
Videotape
Control

Frames per Second
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Intelligibility Studies

Each subject viewed each stimulus and repeated (signed) what
he or she saw. Guessing was ancouraged and subjects were
also encouraged to respond with real signs rather than
approxirmations of signs. In the case of the questions, subjects
answered the questions rather than repeating them. The
experimenter then recorded either a code indicating correct
response or the English gloss of the
sign/fingerspeiling/sentence, if the response was incorrect. All
responses were videotaped. The videotapes were used for
double-checking the responses against the data file.

RESULTS

Analysis of variance revealed no effect of presentation order of
the blocks of stimuli (signs, fingerspeliing, sentences/questions)
on the number of correct responses [F(5, 23) = 1,308, p =
183]. The effect of frame rate, howen :, was statigticaliy
significant for all categories of stimuli [e.g., for signs, F(4, 23) =
18,630, p < .001; for fingerspelling, F(4, 23) = 34.109, p <
.001)].

Mean percentages correct (see Table 1) indicate a degradation
ot intelligibility as fewer frames per sacond are presented.
Intelligibility of stimuli was highest for wdividual signs and lowest
for fingerspelling. Signs were more thar, 90% intelligible even at
six frames per second.

Even in the control condition, fingerspelled s muli proved to be
less intelligible, perhaps because of the ditfering speeds and the
inclusion of nonsense sequences. (it should be nowad that the
scoring of fingerspelling was rather strict; even if all letter= ware
present in the response but the order was wrong, the response
was scored as wrong.) However, meaningful words spelled at a
slow speed (100 characters per minute) proved even more
intelligible than signs (see Figure 1). Regardiess of speed or
meaningtulness, the fingerspelled sequences dropped off
sharply in intelligibility at 7.5 frames per second. Tha difference
in intelligibility between 30 frames per second and ten frames
per second was small and probably insignificant for practical
purposes,

Of interest are the differences between the videotape contro!
condition and the processed condition at 30 fps, as these twc
conditions ditfer in spatial resolution but not in frame rate, For
individual signs, the ditference in intelligibility is quite small,
roughly 3% on average. For answering questions, which
depends on the ability to comprehend the content of two
sentences (including the question), the ditference beiwaen the
control condition and the processed condition at 30 fps was
nearly 15%. In the control condition, Subjects scored better on
the questions than on the sentence-repetitions, presumably
because of redundancy in the language (with questions
providing clues to signs that were missed during the sentence-
repetition.) In the processed condition, the improvement was
not as great.

DISCUSSION AND CONCLUSIONS

The findings indicate that ten frames per second may be an
optimum rate; more than ten frames per second yielded greatly
diminished returns. Fewer than ten per second had a marked
negative effect on intelligibility, for stimuli that were executed
rapidly (near normal levels of speed). Of course, if one signs
and fingerspells very slowly, these rates could be
accommodated, but it is unlikely that ongoing "slow motion®
signing wouid be acceptable to users.

The spatial resolution, considered alone, had the greatest
negative effect on the intelligibility of fingerspelling at moderately
fast speed, and on the questions.

Additional analyses will be done to determine the effects, if any,
of intelligibilty of signs with which lip movement was done; of
individual signers; and of robustness or fragility of signs.

The next round of system development will invcive
improvements to the spatial resolution, if possible, and the
development of a system operating in reat-time.

The next round of experiments with users will invoive
observation of dyads using a reatHtime system. These studies
will provide insight into the amount of accommodation users
are willing to make to use such a system, the reaction of users
to the aesthetics of the system, and the degree to which
conversations can be sustaired.
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ASCil-based TDD Products:
Features and Compatibility

N. S, Williams, C. J. Jensema, Ph.D., and J. E. Harkins, Ph.D.
Technology Assessment Program
Gallaudet University

INTRODUCTION

Deaf pecple communicate by telephone primarify through the use .*
Telecommunication Devices for the Deaf (TDD). TDDs are the
electronic generation of devices thet evoived from old teletype
machines (TTY) which tranamit signale through the telephone network
by means of acoustic couplers. These older TTYs and newer TDDs use
Baudot, e five-level code that is Incompatibte with the standard code
used by computers.

The limitations of Baudot &3 used In the TDD netwark Inciude (1)
operetion In true half-duplex, making It Impossible to interrupt the
other party In a conversation; (2) incompatibility with ASCII, a feature
which severely [imlits the number of terminels with which the TDD can
communicate; and (3) slow speed (45.45 baud) which limits
trangmission to roughly 60 words per minute.

Beglnning in the late 1970s, manufacturers bugan to *.troduce ASCII
into TODs. Since that time, many models of TDD *.ave offered ASCII
as an option. In the 1980s, companies begen . Introduce transiation
modems that allowed personal computers to perform es sophisticated
TDDs on both Baudot and ASCIl calls. With such products, a computer
user can explolt the many features of the computer (0.g., lerge scraen,
color graphics, time end date stamps, capacity for large directories)
while communlcating with users of Baudot.

Todey approximately a dozen TDD products offer ASCIl, Still, few deaf
people uss ASCII for telephone conversation. The overwhelming
majority of calls ere still transacted in Baudot.

There are many valid reasons for this coatinued dedication to Baudot.
The complexity of ASCIl communication protocols is batfling to many
computer users, whether hearing or deaf. In addition, the person
receiving a call carnot hear the Incoming signal and therefore has no
way of knowing whether the caller is using ASCIl or Baudot. Some
devices detect the Incoming code (which the deaf TDI) user cannot
hear) and autometically adjust the communication protocol to thet of
the calling device; but some do not offer euto-detect.

Still enother problem is that many devices require the caller to know
the communication protocol (such as number of bits, parity, and stop
bits) used by the calied party, and to sat up for that protocol before
placing the call. A hearing person may solve this problem by placing a
volce calf to the other user and discussing the communication
protocols to be used, but for deaf people this is not an option.

Many modems are set to disconnect if there Is an Interruption In the
carrier tone. This feature is Inappropriate for using the computer as a
TDD, becauss Interruptions to the line ere commonplece (a cait Is
transferred, @ hearing family member picks up the extension phone,
otc.).

To understand the problems assoclated with ASCII use, one must first
visw the computer In this context es & simple telephone, not as ¢
sophisticated data-sending machine. # the most routine requirements
of telephone conversations are not met by the computer, then It will
not be used by deaf people for that purposs.

Needed are e betier understanding of the products evaileble to deaf
people, the callers’ requirements, and, parhaps, standerds for
communication protocols used In these products.

The obiectives of this study ‘vere to determine the compatibility among
the varlous ASCI-TDD devices on the masket, to compare features of
these devices, and to recommend to manufecturers steps thet might
be taken to simplify ASCll-based TDD communication.

METHOD

The Investigetors acquired coples of 11 ASCil-based products offered
by seven menufi The devicee Inciuded stand-alone TDOs with
ASCIl festuree (Ultratec Supercom and Superprint 400, Krown PV-20 +
and MP-20A, and AT&T t310 Pius); Internal translation modeme (\isu-
Tek MIC300i, 18M PhoneCommunicator); external traneletion modeme
(Krown SM-85, Phone TTY CM-4, and Ultratec Intelemodom); and a
Hayes modem.

Two residential telaphone lines were acquired for placing and receiving
calle In the evaluation, to avoid the possible Intervention of signalling
protocols within the university's PBX. Calls were pleced among all
possible comblnations of devices, with one exception: Calis were not
made betwsen two Identical devices, bacause we did not have two
copiee of each device.

Where the direct-connect festure {connection through modular jack)
was present, it was usad for the call; ecoustic couplers were used only
in the absence of direct-connect. Calls were placed In ASCII, using the
default protocol of the device. If the device required manual setting of
ASCII (turning it on), then that was done. If the device hed auto
switching between Baudot and ASCl, then manue! switching was not
done unless the euto switching failed.

A call wes considered successtul if these conditione were met:

The two devices connected /n ASCIL. (i both awitched to
Bnudo)(. the call wae counted as a fallure for purposes of this
study.

Both parties could sse their own typing and the typing of the
other party

For devices with full screens, the linefeed /carriege return
functioned adequetely

In addition to the compatibliity check, an Inventory was taken of
features relevant to ASCIl communication for the ten devices that are
specialty products for deat people.

RESULTS
Compatiblilty check

One of the key points of Interest of this study was the extent to which
deaf people could successfully maks calle to other TCD products,
using ASCII, without heving to reset paremeters from the defeult
setting.

Each device wes used to call every device except Itself, giving a total
of 11 x 10 = t10 calls. Since the abllity of a device to handle outgoing
calls was considered separately, we etfectively evaluated 110 outgoing
call situstione and 110 Incoming call situations.

Of the 110 outgoing cails, 77 (70%) were unsuccesstul whan both
devices were in their respective default settirgs. In other words, th.,
calling party would experience elther (1) automatio switching to
Baudot, (2) failure to establish a connection or (3) probleme such as
garbling, tinefeed/carriage return problemes, or Inabllity to see the
caller's own typing-if the caller simply turned on the device and called
(which of course is possible when all devices are using Baudot).

Gt tha 110 incoming calls, 81 (74%) were unsuccessful when both
davices were in their respecti e default settings. In 74% of the calls, ths
receiving party would experience automatic switching to Baudot, fallure
to connect or some gerbling or other transmission problem.

The calling party has no way of knowing whether the recelving party le
having n$ with transmlss! When each call le considered as
one unit, then the numbar of successiul calle (as defined here) Is much
smeller: Only 13% of the 110 calle were euccessful on both ends,
when both devices were In thelr respective detault settinge.

It le Important to note that many of the “falled” calle were In fact
functionally successful, In thet Naudot was Invoked and used during
the call. This happened frequontly when both devices had autometic
set-up/d lon for | Ing and/or outgoing calle.

However, with devicee thet had only a menual ewitch for ASCII, the
defeult settings were not very helptul. There were 14 possible calls
from devices with only manuai ewltching for outgoing calis to other
devices with only manual switching for Incoming calls. When the ASCII
feature wae turned on In the defeult protoco! and the calle were pleced,
ali 14 calle failed. Because there is no eutomatic switching, these
teiluree do not Include switchee to Baudot.
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ASCII-based T0D Products

There were 18 possible calls among devices with the automatic
detection for outgoing calls and/or automatic detection for incoming
calls. For these calls, the procedure was simply to leave the device in
the auto condition. Results wers: 3 successful connections In ASCII, 2
switches to Baudot, and 13 failures.

To take & step in this di 1, the f of those devices
ware asked by the ressarchers to meet and dlscuss the Issue of
compatibllity and ease of use among the ASCikbased TDD products,
Four of the six manufacturers whoss products were evaluated attended
a discusslon meeting held during the convention of the National
Assoclation of the Deaf: the two remalning manufacturers subsequently

it |s very important to note that all devices wens able to i in
ASCit with all other devices once the p werg re-set 30 as fo be
compatible. This re-setting requires extensive knowledge of the other
device and-for the ssven devices that do not automatically switch
between Baudot and ASCII on outgolng calls-also requires that the
user be certain that the call will be answered in ASCII (rather than
8audot).

Features inventory

Of the 11 devices In this study, 10 were designed specifically for use
by deat people. Figurs 1 and Figure 2 presant the features of the ten
devices examined. Only three automatically switch between Baudot
and ASCIl on outgoing calls. Eight of the models examined had
automatic switching for incoming calls. In order for two devices to
successfully communicate in ASCIH without user involvement, both
must have automatic switching both for outgoing and incoming calls.
In ofher words, devices that switch between Baudot and ASCII for
incoming calls will end up communicating in Baudot unless the calling
device has automatic switching for outgoing calls.

Of the ten products for deaf people, only four offered touch-tone
dialing; the rest were either pulse dialing or no option (acoustic
coupling only). Although this Is usually no major Inconveniencs,
sometimes pulse dialing can trigger flashing signal systems, which can
confuse people other than the caller.

Only one device~the IBM PhoneCommunicator--offers 1200 baud at
this time (aithough & number of manutacturers are promising 1200 and
2400 baud in the future). For telephone conversations, 300 baud is
adequate, and even offers some advantages over higher speeds

b it parmits tic coupling without significant disturbance
(acoustic coupling Is the only available option when using pay phones,
for example). But for contacting many bulletin board systems and
other information networks, 1200 or highes baud Is necessary.

The number of features offersd and the technical nature of many of
these features make It clear that purchasing such equipment is a
difficult consumer decision. One result is that few doaf peopie even
try. Anecdotal reports from manuf ors and distrib indicate
that there is little demand for ASCIl among deat TDD users.

CONCLUSIONS AND FOLLOW-UP

The compatibility studv revealed that. althouoh all devices on the

market could successfully connect after the user had propsily adjusted
the device away from the default setting, the default protocols used in
these devices rarely allowed connection in ASCIl with other types of
devices on the first call. Thus, use of ASCI| requires patience, an
understanding of the Implications of the various dimensions of the
communications protocol, and willingness to tolerate failed calls.

Agaln, in evaluating these results, it is important to view computer
modems and protocols in this context as telephones, not as data
transmission devices. Hearing people do not tolerate failed calls
easlly; Imagine the frustration of being able to complete only 13% of
voice calls as desired hecause the telephone was not appropriately set
up.

These problems need to be solved before deaf people wlll be willing to
use ASCH for conversing. There are several possible partial solutions
to these problems.

Standards for ASCH protocol as used in TDDs

One partial solution i3 to have all manufacturers agree to certain
standards In communlcation protocal. The goal should be to allow
deat psople to complete calls with as wide an array of dovices as
possible, without requiring knowledge of data communications and
without the need to do manual switching. It one protocol can reach all
ASCIl TDDs as well as Hayes modems and bulletin board systems,
then deaf psople might venture into using ASCil more often and begin
to realize its benefits.

p d interest in attending future msetings. A second meeting will
be held in June, 1881 during the convention of Telscommunications
for the Deal, Inc. it is our hope that, by suggesting & standard for TDD
communication, we may, at modest cost to manufacturers, overcome
some of the barrli.cs assoclated with ASCII use and realize some of its
benefits for communication.

Preliminary discussions indicate that manufacturers &re consldering
Galleudet's proposal that default settings in TDD/ASCII products would
be half duplex, elght bits with the eighth bit stripped, no parity, one
stop bit (8-N-1), which is the same as seven bits, space parity, one
stop bit (7-S-1). This change may permit deaf users the nseded
flexibility to use their devices to call a varlety of types of ASCII TDDs as
well as bulletin board systems and Hayes modems.

Standards for “regular’ modeme:

P

It Baudot were Included In ali computer modems, then standard
modems could be used by deaf people, with software enabling the
user easily to handshake with other devices Including TODs.
manufacturers begin 1o realize the potential market force for dlsability-
related products as a result of the Americans with Disabllities Act,
perhaps we will see soms movement In this direction.

Gateway asrvices that provide protocol converalon.

Another possibliity would be to Include the Intelligence necossary for
protocol conversion within the telephone network and offer it as part of
dual-party relay service. The functional aspect of the system would
work as follows: A deaf caller using either ASCII or Baudot, in any of
the possible communlication settinge avallable in TDD products, would
call a particular number (the gateway), where & computer would
answar and establish communication. The computer would ask for the
number to be called; the deaf person would give the number and the
system would dial the number. The system would then successfully
connect with the dialed number's terminal, whether it might
communicate In ASCIl or Baudot. Then the deaf person and the
person being called could chat, using the gateway. A relay oporator
would not be necessary, meaning that privacy would be preserved and
costs would e reduced. This type of arrangement would, for the first
time, effactively link the miilions of hearing computer users with the
deaf community.
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EVALUATION OF LIQUID CRYSTAL DISPLAY PANELS FOR PRESENTING
REAL-TIME SPEECH-TO-TEXT TO PERSONS WITH ACQUIRED DEAFNESS

Gunnar Fagerberg!, Gerhard Elger, Lars Bicklund, MD2, and Barbro Furugren
The Swedish Handlcap Institute, Stockholm, Sweden

land INROADS, London, Ontario, Canads
281, Brik Eye Hospital, Stockholm, Sweden

ABSTRACT

A system for transcribing Swedish text at the rate of
normal speech o persons with acquired deafness has been
developed. One part of the project was an evaluation of
liquid crystal display panels for presentation of the text.
16 different products were tested. Several of them pro-
vided an acceptabie projection if the overhead projector,
the screen and the toom illumination permitted.

BACKGROUND

The problem of providing real-time transcriptions of
speech in meetings, conventions, etc to persons with
acquired (total) deafness has been addressed in several
countries by the use of chord keyboard systems and
specially trained operators (5,6). In Anglo-Saxon
countries, traditional phonetic keyboards, originaily used
in court reporting, have been employed for this purpose.

After a study of existing systems, it was decided to use the
Dutch keyboard Velotype, which is orthographically
based. A version for the Swedish language was developed
and operators were trained. Transcription services at the
rate of speech are now provided as part of the assistive
devices service delivery system in Sweden. The project has
been reported in Swedish (3). For a report in English
with detailed descriptions of different chord keyboards and
the reasons for the choice of Velotype, see (2).

One question remained: which is the best way to present
the text in different situations? Computer monitors give
an acceptable picture but can only be used with small
groups of readers. One low-cost 3-color LCD projector
was tested with fair results but was not judged cost-
effective for display of text. Video projectors for home
use give too low quality in relation to their cost.
Professional video projectors nre available for projecting
computer graphics with very good quality at a very high
cost. A better option seemed to be computer liquid crystal
display (LLCD) panels, used with overhead projectors, as
recommended in (4).

However, more information on existing products and the
quality of their output was nceded. Thus, a study and
evaluation of different computer LCD panels was carried
out. It has previously been reported in Swedish (1).

LCD panels, also known as computer projectors, data
displays, flat screen overheads, electronic imaging
systems, etc., arc flat, transparent screens containing
liquid crystal cells. They are designed to be placed on an
overhead projector to display the output from a computer
on a screcn to a large audience.

The type of graphics standard used in the computer
determines the possible choice of LCD panel. Some
panels need special accessoties (cables) to handle several
graphics standards,

EVALUATION

At the end of 1989, about 30 panels were available on the
Swedish market. Some were the same model under
different brand names. Sixteen different products were
sclected for evaluation. For the final evaluation, three
overhead projectors of different quality and different types
of projection screens in varied light conditions were used.

The computer used was a Victor V286A with IBM
original CGA, Victor Hercules compatible, EGA
compatible and VGA compatible graphics cards, one card
at a time being used in the computer.

The software used was Microsoft Windows and the
specially created program included a black screen, a white
screen, a white rectangle with a black frame and pattems
for contrast evaluation. Using Windows Write and
Helvetica font, text demonstration screens with small and
large text size were used. With the largest size the screen
held nine lines of text. Grey scale and cclor scale were
also evaluated.

The light reflected from the screen was measured at the
center and the comer,

Text and graphics displayed were judged by human
subjects.

Special requirements of the text-to-speech application were
considered: text display is more important than graphs and
continuous use for several hours is required.

RESULTS

The overall result was that the best combinations of LCD
panel and overhead projector, such as the Elmo
monochrome LCD panel used with Elmo or Licsegang
overhead projectors, gave a very good text display.

However, the characteristics of the overhead projector are
crucial. It is difficult to obtain sufficient light flow: the
LCD panel absorbs at Icast 50% of the projector light.
The projector lamp must be at least 250 W. 400 W is
preferrred, if cooling is efficient. The projector should not
heat the display to more than 45°C. The optics should
have three or four Jenscs, of good quality.
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Evaluation of LCD Panels

The projection screen and the room illumination are also
important for obtaining maximal contrast. It must be
possible to tilt the screen so the distances from the
projector to all four corners of the screen are equal. No
light from the room illumination should fall on the
screen, or the contrast will be reduced considerably. The
reflection properties of the screen should be chosen
according to the width of the viewer arca, not too wide,
not too narrow.

Computer projeciors capable of handling many different
graphics standards proved to produce a lower display
quality. VGA compatible displays absorbed more light
than did the black-and-white Elmo EGA display or the
blue/white Norwegican ASK Hercules display, often
necessitating the use of high-quality 400W overhead
projectofs.

Of the tested VGA compatible displays, In Focus Systems
(PC Viewer) 480 GS showed good results.

Among the EGA compatible displays, Kodak Datashow
HR was easy to handle and gave a good picture, aithough
it was not quite as transparent as some others.

False-color displays were judged inferior for the display of
text, due to greater light absorbtion and lower contrast.

Some of the evaluated products had a remote control. It
was not considered to be a necessary accessory for the
display of text only.
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THE IMPORTAMCE OF USER INTERFACE AND INTERACTION DESIGN

Linda W.Y. Chan

Royal College of Art
Department of Computer Related Design
Kensington Gore, London, United Kingdom

Abstract

With the current advances in modern technology,
more and more assistive devices are being
produced. Many are of complex mechanical and
software design. Yel, it is important that they are
user-friendly and require minimum effort from the
user to obtain the maximum performance frorn the
device. At the Department of Computer Related
Design, we concentrate on the design of user
interfaces and hurman machine interaction which is
the dominant factor for usability. This paper decribes
the design process of the user interface and
interaction for a wrist-worn alerting device for deaf
people.

Background

(Project Brief)

Select a person with a task or a problem that could
be helped or solved by the use of a small hand-held
computerised device. It is important that a real
person is involved rather than an imaginary one, so
he/she can provide a task or a problem and try out
the solution when it has been designed.

Statement of the Problem

C.M. is a 41-year-old temale who was deafened at
an early age. She lives alone in a house and is
employed by the Department of Education and
Science as a middle manager. With the remaining 5-
10% of hearing in one ear, her lipreading is assisted
by a powerful hearing aid.

However, her flashing light system which is
connected to the telephone (Qwerty) and the
doorbell only works when the lights are turned on;
this creates a problem as C.M. often forgets to turn
her lights on especially during the day.

At work, C.M. shares an office with a colieague and

they both have thelr own telephones. She can hear
the ringing of the telephones, but cannot distinguish
between the two. So, before she gets a flashing
visual Indicator for her telephone at work, this is what
she has to do when she hears a telephone ringing
and her colleague is not in the office: First, she picks
up her telephone to see whether there Is any
response on the screen, it not she will have to
scramble round to try to answer the other telephone.
C.M. suggests that she would like to have a device
which she could carry around with her and gives her
a signal when the telephone rings or when someone
is ringing the doorbell.

Approach

A review of existing devices was conducted in line
with C.M.’s suggestion.

The major systems surveyed employ different
patterns of either vibrations or flashing lights to alert
the user of signals received from different sources,
such as a doorbell, telephone, smoke detector,
security alarm, etc. The non-portable mains systems
use household lighting appliances to deliver the
signals whereas the portable ones have belt-worn or
wrist-worn vibrating receivers which can be wormn on
a belt or put into the user's pocket.

The main disadvantages of these systems are that
they rely or the user's memory to differentiate the
patterns of signals from the various sound sensors.
The belt-worn receiver of the Silent Call system has a
clearer visual interface with a series of LEDs on the
receiver box, enhanced by printed icons and text.
However, a beit-wom receiver may not be as
convenient as a wrist-worn one and this particular
system is limited to four different sensors : sound,
telephone, doorbell and smoke detector.

The design solution to this particular problem is to
have a conventional looking wrist watch with an LCD
face. This would allow the system to be portable,
flexible, compact and stylish.
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User Interface and Interaction Design

Solution and Impiications

When a sound based signal is received, the watch
will vibrate to alert the user. The interface of this
device Is designed to provide a clear indication of the
subject and direction of the sound source by using
simple icons generated on the LCD. The use of an
LCD means that the humber of lcons is only limited
by the available memory of the processor.

The standard icons

The following figures show examples of alerting
icons which flash when operating. The position of the
user is represented by the centre of the watch face
and the 12 o' clock position indicates the forward
direction of the user.

Fig.1 - Norma! watch Fig.2 - A man's voice

from the left

Fig.3 - A woman's voice

Discussion

This device provides a pictorial user interface which
transcends language barriers and requires no
training. It therefore requires the minimum of thought
to interpret a signal.

The design of an interface should always take into
account the ability and needs of the user: and the
interaction should be designed from the user's
perspective.

Further work

This will involve prototyping the device described in
this paper and developing a computerised braille
jearning tool for children with visual disabilities. This
project will concentrate more on the human machine
interaction aspect.

Fig.4 - A child's voice

from the front trom the right

Address:

Linda W.Y. Chan

Royal College of Art
Computer Related Design
Kensington Gore

London SW7 2eU

United Kingdom.
EmalFarcali@ukacuioc.mvs

Fig.5 - A doorbell from
the back right

Fig.6 - A telephone from
the front left

Fig.7 - The smoke detector
orthe FIRE ALARM!
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VOICE AND HEAD POINTER OPERATED ELECTRONICS
COMPUTER ASSISTED DESIGN WORKSTATIONS FOR INDIVIDUALS
WITH SEVERE UPPER EXTREMITY IMPAIRMENTS

Jeff K. Burnett, charles R. Klabunde, catherine W. Britell
Washington State University, The Boeing company,
and Seattle VA Medical center

ABSTRACT

Individuals with severe
limitations of upper extremity
function have histcrically been
denied access to the design
disciplines. A consortium of
individuals from corporate,
government, and academic
institutions has successfully
developed a voice and head-
pointer controlled keyboard and
mouse control system to allow
full and effective control over
the CAD (computer assisted
design) environment, using
verbal commands plus controlled
head pointing. This system is
being successfully applied in
the vocational training
environment and the job setting
for electronics computer
assisted design.

INTRODUCTION

The area of electronics computer
assisted design (ECAD) is an
active and growing field for
both technical and professional
workers. A successful
vocational and pre-professional
program in ECAD has been
developed at the Resource Center
for the Handicapped, a
vocational training institution
for individuals with
disabilities. The challenge of
opening this program to
individuals with severe upper
extremity impairments has been
addressed by a consortium of
engineers, educators, and
clinicians from private and
public sectors, with resultant
development of a voice and head-
pointer operated system which
affords efficient and effective
interfacing to the hardware and
control of the software
applications necessary to
successfully function in this
area.

SYSTEM DESCRIPTION
The ECAD training program is

centered on an industry standard
UNIX based graphics workstation,

which supports multiple
simultaneous processes, high
speed, high resolution graphics,
along with networking. The
workstations used are connected
to an Apollo DS3550 file server
via a high speed network.
Software tools include:
schematic capture,
documentation, simulation,
timing analysis, logic
synthesis, PLD syntheses,
picture editor, table
generation, analog and digital
circuit simulation, and
libraries. Physical model
software tools include: 3D
design, surface generation,
thermal analysis, BCB and IC
layout. For the user with
Severe upper extremity
impairment, the UNIX ECAD
environment is accessed via a
standard graphical user
intertace (GUI), from a
Microsoft Windows 3.0 based IBM
or work-alike computer through
the X-Windows GUI standard 1ink.
The UNIX-based CAD host computer
does not sense that the user’s
workstation is different from
any standard X-Windows terminal,
yet all input may be made by
voice and head pointing on a DoOS
PC.

The speech recognition keyboard
recognizes each word or
utterance as a keystroke or
series of keystrokes based on an
edited vocabulary. Speech
recognition hardware may be
chosen on the basis of need for
active vocabulary size and ease
of training. In the ECAD
context used here (electronics
computer aided design command
syntax), only small vocabularies
are required, along with
concatenated word utterances
used to speed numeric input;
therefore a simple and
inexpensive voice module was
chosen.

Telephone use and nessage
recording and playback
capabilities are part of the
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CAD Work Station

system. These permit the user
to be interrupted by a telephone
call while doing a speech-
controlled task. With two
words, the user may answer the
phone, while the application
remains frozen, and the speaech
recognizer listens only for the
"hang up" work and its
confirmation. Once the phone
call is terminated, the user
automatically resumes the
application with the recognizer
listening for the application
vocabulary. An outgoing
telephone or intercom call can
be made using a phone manager
software package, which has a
"rolodex" of pre-stored numbers
and names. A call may be
directed by verbal name or
number. When the user is away
from the workstation, the PC and
phone manager software may
function as a telephone
answering machine.

Controlling a keyboard verbally
is only one part of efficient
operation of a CAD workstation.
Pointing and picking is another
Most physically able CAD
operators use a mouse, tablet,
trackball, joystick or other
pointing device. These
workstations employ an active
(wired) or passive optical
target (for wireless, attendant
free) head pointing device. The
equivalent to mouse buttons may
be verbal (for either the wired
or passive target) or "sip and
puff" (for wired only).

CONCLUSION

This system allows a person with
little or no upper extremity
function to be highly productive
in a state-of-the-art technical
or professional design
environment, without compromise
of capability or power by the
user’s special input needs. The
result is that the user with a
severe disability will be
capable of competitive quality
and quantity of work in a field
where demand for qualified
workers is high and compensation
is excellent.
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EMG ACTIVATED SWITCH FOR CONTROL OF COMPUTER FUNCTIONS BY PERSONS

WITH QUADRIPLEGIA

David K. Evans and Andrew Schoenberg
Physical Medicine and Rehabilitation Division
University of Utah Medical Center
Salt Lake City, UT

ABSTRACT

A switch activated by electromyographic (EMG) signals
was deveioped to aliow a person with C-2 to C-3
quadriplegia to control drawing and writing functions of a
computer. The device Is equipped with a light-emitting
diode bar-graph which provides a visual feedback of the
level of a processed EMG signal. The same bar-graph is
used to adjust the threshold setting for activating the
relay switch.- The switch is used in conjunction with a
mouth-controlled joystick. The EMG is recorded with
three surface electrodes that are mounted into the head
band of a baseball cap or a flexible foam pad that can be
attached to any muscle showing detectable EMG activity.
A $17 Integrated-circuit differential preamplifier, built into
the electrode pad, minimlzes noise. This system is
being used successfully by a quadriplegic engineer for
computer aided design.

BACKGROUND

Persons with high level spinal cord injury (C-2, C-3) often
have very limited head movement. They generally have
to rely on a sip-and-puff switch with some type of
scanning system for wheelchair, environment and
computer control.

Scanning systems for computer access are limiting the
use of many programs used in the work environment.
Computer aided design (CAD), desk-top publishing, and
various professlonal tools for management and
preparation of presentations, increasingly require the
use of a “mouse” or a device for controlling the cursor on
the computer screen. The user-friendly approach of
“point, drag and click”, made popular by the Apple
Macintosh® computer, is rapldly spreading to the IBM
compatlble computer world. Hence, making the “mouse “
functions available to persons with only slight head
movement can significantly Increase thelr ability to use
computers for a full range of functions.

STATEMENT OF THE PROBLEM

The problem addressed In this paper concerns those
quadripleglcs that have no perceptible hand or arm
movement, and have very [imited head movement. If the
person can hold up his/her head and rotate it
approximately 30 degrees In the side-to-side and up-
down directions, ultrasonlc [2] and optlcal head
movement sensors are avallable ( Prentke-Romlich™
and Polnter Systems™ ). Thasa systems come with a sip-
and-puff switch and software to allow text entry and
appllication independent cursor control. These solutlons
are approprlate where the head movement is sufficlent
and funding In the range of $1000 Is avallable. Where
head movement Is restricted to less than about 15
degrees, or only tongue movement Is available, a joy

stick may be a fur.uocnal aiternative. Joysticks for game
ports or with adapiors to the mouse port are commerclaliy
available at a relatively low cost ($50- $100). These
systems require the ability to simultaneously operate a
Joystick and switch. This requires (1) the abllity to activate
a switch rapldly once or twice while maintalning a
constant position of the joystick and (2) the ability to hold
the switch on while moving the joystick. This last
operation, called “click and drag", Is also required for
selecting many of the program'’s control functions which
are activated by pull-down menus.

RATIONALE

Our Initial approach to the switch problem was to use a
mechanical eye brow switch, or a piezoelectric sensor to
sense slight eyebrow movement. These proved to be
unreliable. The position of the switch would have to be
adjusted frequently by another person. The “click and
drag"” function In particular was difflcult for our sublects.
A tube for a sip- and-puff switch mounted on the joystick
was also unsatisfactory. We, therefore, looked Into the
possibility of detecting the muscle activity by sensing the
EMG (ElectroMyoGram) and using the level of this signal
to close a relay. This paper describes the development
and testing of such an EMG switch.

The ability to move the cursor on the screen and close a
switch at a selected posltion also provides a means for
text entry for those unable to access a mechanlcal
keyboard. The equivalent of keyboard operation can be
achieved by keyboard displayed on the computer's
screen. By pointing to a letter on the screen using the
“mouse”, the user can then emulate the keyboard
function by activating the * mouse” switch.

A public domalin program for emulating the keyboard on
an Apple Macintosh® has been reported previously [1).
Several similar programs are naw commercially avallable
(Mcintyre Co. Michigan - Word Writer™; Prentke Romich -
Head Master™, Ohlo; and Polnter Systems - Freewheel
Head Polnter™, Burlington VT).

DESIGN

The complete system for computer access Is shown in
figure 1. It incorporates the EMG switch device, a
minlaturized joystick mounted on a rlgld trlpod, and a
commerclaily avallable interface which adapts the
potentiometar resistance changes of the joystick to the
standard mouse port of the Macintosh® computer
(Mirage ADB™ |rterface CH praducts, CA ).

The part of the EMG switch connected to the operator,
consists of three electrodes mounted In the head band
of a baseball cap or mounted in & flexlble foam pad for
attachment to another part of the body that has
detectable EMG signals. Since the EMG voltages are
typically very small ( 100 to 500 pV ) high galn with
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EMG Activated Computer Switch

Monttor
]

Macintosh e
ADB port

Mirage™ & ;
Interface =

EMG mouse
switch box

Arm mount
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with pre-amp

a
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Joystick

Baseball cap
with electrodes
mounted on the
head band

Figure 1. Computer system showing elsments
needad for EMG switch and joystick operation.

minlmal noise pickup is required. This was achieved by
mounting an Integrated-circuit, differential preamplifier
(Analog Devices™ AD&24) directly on the electrode
asserably. The $17 dual in-line package requires no
external components and is simply jumpered for a gain
of 200. A flexible four-strand cable connscts the
slectrods assembly to the EMG switch box.

EMG Switch Box

The clicuit design of the EMG switch box is shown in
filgure 2. The preamplifiad EMG signal enters the first
stage of amplification which has an externally adjustable
gain. The next stage Is a single-sided operational
amplifisr and filter. This stags half-wave rectifies the EMG
signal and band-passes signals from 20 Hz to 200 Hz.
This filtering sliminates D.C. components and high
frequency nolss. The next stage integrates the rectified
but highly fluctuating signal, producing an almost
constant voltage level proportional to the EMG
amplitude. This voltage is compared to a constant
refersnce voltage. The reference voltagse is externally
adjustable. When the processed EMG signal exceeds
the re‘arence value, the relay switch Is closed, activating
the "mouse™ button.

EMG display

An important design feature of the EMG switch box is a
visual display of the processed EMG signal level. This
display is Implemented as a 10 element light-emitting
diode bar graph. This display is also used in setting the
referance voltage for the comparator.

Lok PASE NTECRATOL

ACTIVALLS
HOUSL  BUTION

110 BT ORAPH DISPLAY

NI =i

Figure 2. Circuit diagram of EMG switch box
showing amplification and filtering stages with
the comparator for switch astivation.

DEVELOPMENT

The design was implemented by the first author for his
ssnior electrical engineering project over a 1 year period.
The design evolved over several iterations. The first
version used the computers powser supply and had the
differential preamplifier located in the switch box. The
present version uses an AC adaptor which suppliesi12
volts and the differential preamglifier is mounted on the
slactrode assembly attached to the user. This eliminated
most of the noise problems encountered in the early
versions. Initially, pregelled pediatric ECG electrodes
were used for interfacing to the skin. The most
convenient and reliable signals were obtalned by
conductive adhesives interfaced to conventional
clothing snaps.

The present version of the EMG switch uses readily
available electronic components whose cost does not
excead $90.The labor costs are higher at this stage
since the circuit is hand wired. A printed circuit version is
being considsered.

EVALUATION BY QUADRIPLEGIC

The system is being evaluated by a elsctrical engineer
with a C3 injury. He uses a sip-and-puff switch with
scanning control for wheslchair mobility. Computer
access at home s provided by a voice activated system.
He uses this primarily for programming, but has found
that system not sultable for significant design or
graphics. During the Initial evaluation in our laboratory a
detectable EMG signal was obtained from his biceps.
Figure 3a shows this slgnal amplified 200 times. Note
that there appears to be only one large muscle unit firing
at a rate of 30 Hz. Flgure 3b Is the resulting processed
EMG signal used to activate the switch, The muscle unit
contraction was visible under the skin but no movemsnt
of the llmb was detected. The EMG from the sysbrow
could also be used, but the user preferred the biceps
position. Finding the proper position of the mountsd
electrodes to obtaln reliable switch function requires
some searching. The processed EMG amplitude display
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EMG Activated Computar Switch

(LED)on the switch box was used to locate the best
position for the electrodes. The conductive adhesive
electiodes are well suited for this situation where
repositioning Is required. Once properly positioned, the
electrodes are stabllized by using a Velcro® strap. The
gain of the ampiifier is adjustad to provide fuil amplitude
output on the LED display at a comfortable contraction
effort. The switching reference voitage is adjusted by
displaying it on the same LED display and setting this
level at approximately 1/3 of fuli scale. The 1 inch iong
Joystick Is mounted In a smail box to avold obstructing
the view of the computer screen. It |s rigidly attached to a
tripod positioned at mouth level.

0 10 20 30 40 SO 60 mSec

Figure 3a. Preampliiled EMG from non-
functional biceps muscle of quadriplegic
showing ons large motor unit.

T~

0 10 20 30 40 SO0 60 aSec

Figure 3b. Integrated EMG levei after
processing of EMG above.

it has required several hours of practice for the user to
become proficlent at poslitioning the cursor on the
screen at the desired locations and activating the relay
switch at the appropriate time. This is as expected, since
efficient operation of the hand-held mouse also requires
several days of practice for most normal users. The
mounted electrodes and EMG switch are now
functioning without need of adjustment for complete
tralning sessions which last up to 3 hdurs. At this stage
the test subject is training himseif to use a CAD program
to perform design functions. His goai Is to become
proficient at laying out printed clrcult boards and

designing electronic clrcults using computer tools. Text
entry is performed by using the Word Writer™ program
which displays the keyboard on the screen. This
program also displays up to 12 predicted words based on
the first few letters selected. By pointing to the desired
word and activating the EMG switch the entire word Is
entered into the active program automatically.

DISCUSSION

An EMG activated switch has been developed which has
operated reliably for several months. It Is a useful device
for persons who have little or no anatomical sites for
mechanical switch activation but do exhibit some residual
volitionally controlied EMG activity in a muscle of a limb,
shouider or head. The bar graph display of the
processed EMG level Is an important feature of the
device. It provides visual feedback for proper positioning
of the electrodes, adjustment of the gain of the device,
and setting an appropriate switch threshold level.

There are several [imitations of this dsvice. The disabled
user Is not fully Independent when using this system. An
attendant or other dexterous person must be present to
attach and disconnect the electrodes and the EMG
switch. This attendant must be trained for proper
placeiment and adiustment of the device. The device is
currently not battery operated. It s operated by an AC
low-vo'tage adapter which generates 12 voits. No special
effort was made to minimize power consumption. At this
point the device is hand wired so that duplication
involves considerable labor.

Greater precision In cursor control would also be
desirable. We are evaluating the possibliity of using a
trackball mounted near the chin or mouth as the cursor
control device. This device incorporates a second
latching switch to eliminate the need for holding down
the switch for operations requiring "dragging” or pulling
down of menus. For this typs of device a second EMG
switch may be deslrable.
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A Programmable Scanning Keyboard for the IBM PC

PK. Cheng
Rehahilitation Engincering Centre
Hong Kong Polytcchnic
Hung Hom, Hong Kong

ABSTRACT

A hardware 8x16 programmable scanning keyboard was
designed for IBM-PC-compatibles to avoid the
incompatibility problem of a mecmory-resident softs «c
keyboard with graphics-based programs such as those for
Chinese word-processing. Each position can be programmed
to output up to 4 keystrokes each. Two layouts arc built-in.
One layout is optimized for English word-processing and the
other for Chinese word-processing. Other layouts can be
composed with ease using the supplied Layout Editor and
downloaded to the keyboard. It supports single-, dual- and
S- switch input. Layout data and operating parcmecters are
stored in memory with battery back-up.

BACKGROUND

For the disabled who cannot opcrate a staadard keyboard,
a software or hardware alicraative keyboard may be used as
an input device. Operation of the scanning keyboard is
through an appropriatc ability switch chosen for the
particular disabled person using it.

STATEMENT OF THE PROBLEM

Software keyboards arc memory-resident software packages
that work well with a wide range of softwarc. However, in
the casc of IBM-PC-compatiblcs, some graphics-bascd
softwars such as those for Chincse word-processing, software
incompatibility is a problem. IBM-PC-compatibles arc
ubiquitous in this city.

Hardware scanning kcyboards should have no softwarc
incompatibility problem. The major flaw, besides the high
cost, is that they usually have a fixed layout optimized for
English word-processing. Sincc both English and Chinese
bascd softwarc are widcly uscd locally, a hardwarc scanning
keyboard which can cater to at least two languages is nceded
for the disabled user.

RATIONALE

Input efficiency is slow using a scanning keyboard. Efficiency
can be improved using statistical layouts for an alphabet-
bascd language, such as English. Chincse characters are
non-alphabetic. There arc scveral popular methods of
inputting Chincse characters and they require different
layouts to optimize input cfficicncy.

It is interesting to note that while the more sophisticated
software keyboards developed in North America use word-
predication to increase input efficicncy, all Chince. operating
wstems  have word-predication built-in - because of the
imprecise nature of several popular input methods.
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While it is not possible to implement word-predication in a
purely hardware alternative keyboard, it is possible to
increase efficiency if each position can be programmed to
output more than one keystroke.

Bascd on thc abovc reasoning, a scanning kcyboard
appropriate for usc in this city should have the following
characteristics: -

1. Works on IBM-PC-compatibles
2. Statistical layout for English word-processing
3. Layout optimized for the most popular method of
Chinese character input.
. Programmable layouts to suit individual preferenccs.
. Each position should be able to output more than onc
keystroke to increase inpui efficiency.

ELEEETEIE

CESPY RS KRN

Fig. 1 Front pancl with overlay for Chincsc input

DESIGN
Programmable scanning keyboard (Fig. 1)

The heart of the keyboard is a Mutorola MC08705R3
single-chip micro-computer, Layout data and operating
parameters arc stored in memory with battery back-up. An
on-board interface allows downloading of layouts from a PC
via a printer port. The standard keyboard and the scanning
keyboard plug into a smail junction box which in turn plugs
into a PC keyboard input socket. This junction box scrves as
a simple automatic clectronic switch to allow usc of the
scanning keyboard with the standard keyboard without
conflict.

The matrix sicc of the keyboard is 8x16. Two
pre-programmed 8x10 [ayouts arc provided. One layout has
the alphabets arranged in the usual statistical English order.
The uther layout has the alphabets arranged according to the
most popular Chinese character input method. Three
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transparent  overlays  arc  provided---two  for  the
pre-programmed layouts and an unfilled onc for a custom
layout.

Enough memory is provided to enable cach position to
output up to four keystrokes each. Since only 8x10 positions
arc required to implement the most frequently used keys of
standard keyboards, the large matrix sizc leaves room for a
small ‘command/phrasc library’ or special tables for various
Chincesc input methods.

The keyboard will not scan consccutive blank rows or
columns so as not to decrease input cfficiency. One interest
consequence of this feature is that the scanning matrix size
is programmable.

To accommodate for a wide range of users, the keyboard
supports single-, dual- and S-switch input. Access is most
cfficicncy with a S-switch joystick. The first column contains
user selectable operating parameters. These parameters
include choice of cight scanning specds, two Jayouts, XT or
AT keyboard compatibility, auto- or manual- scanning mode,
and type of switch input.

‘

= PRESET PARAAETEMS

Y
SPEED S tavour (OMPUTER  XT  SCANMIAG  ayUTo

] Il_'h ! ‘{

T
!
i
i
‘
t

i
== For aprital hrus  prass P qhlightad b
UMt Backspare Ctrl Bel Bae shiFt pGdn Wom,
Zpace Tab pollp ® prn 3 U (ursordown (
P ClEA Q0T (1t Ctl Lok
{PgUpl-EPyDnt select layout B/A

nr0i . ale Return

1eft MITIIITLY]

. LEST) 1o g0 bach to main menw .

Fig. 2 Layout Editor with the pre-programmed layout for
Chinese input

Layout Editor (Fig. 2

The Layout Editor allows the user 10 customize the keyboard
for his own nceds. Layouts stored on disk can be retrieved
lor madification or downloading to the scanning keyboard.
A layout contains the keystrokes to be outputted by cach
scan position as well as operating parameters such as choice
of scanning speed and layout ID.

The editor is user (riendly with simple menu selections, an

on-screen matrix resembling that of the physical scanning
keyboard and on-screen instructions.
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EVALUATION

Fifteen keyboards were sold to the local cducational
authority. Some of thesc have been in usc in special schools.
Evaluation results will be known in the near future.

One keyboard has been used by an adult quadriplegic for
several months. This user does extensive Chinese
word-processing and finds the programmable feature most
useful in implementing his favourite character input method.

DISCUSSION

This hardwarc scanning keybnard aims to provide an
appropriate solution to solve a local nccd. Measures taken
to achicve this are built-in flexibility and facilitics to increasc
input cfficiency.

Onc interesting usc of a programmable matrix size is that
the keyboard can be used as an answer pad with only a few
choices. This can be achicved by cither limiting the matrix
siz¢ to a few scan positions or making blocks of scan
positions to output the same keystroke.

The hardware approach is inherently more expensive than
the software approach becaese of the high hardwars cost. It
is only nccessary because of software incompatibility. This
problem can only be solved with standards arrived at by
softwarc producers. With the increasing popularity of
‘windows’ compatible softwarc, the problem should diminish
accordingly.
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A model for designing an alternative access system for the Macintosh™
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Abstract

An ideal human-computer interaction (HCI) system for
physically limited users must accommodate radically differ-
ent access methods. We have creatid a system for authoring
alternative HCI which allows customization of the input
method and of choices presented to the user by the compnter.
An important implication of this system is that more control
arxl speed can be given to the user since a more direct method
of computer access is used. This paper discusses the capa-
bilities deemed necessary for such a system, the systcm
structure, and alternative interfaces which could be created
with it.

Background

From the user's puint of view there are two components to
HCI: the physical input device and the infonnation the
compuler gives to and receives from the user . This informa-
tion is conveyed by a graphic interface (GI) from which the
user is to pick choices such as letters, word predictions or
macro functions. When determining the best input method
and GI for a computer access system, scveral issucs must be
considered (2,3):

« Physical capabilitics. Every person will be hest suited toa
uniquc combination of input devices. Allowing the computer
to maximize the information obtainable from this combina-
tion is the most important factor determining user access
speed and sense of control. One way to do this is to usc
different alternative access devices concurrently, for example,
a headpointer to selcct letters from a graphical keyboard
layout and an extra switch to activatc a modificr key such as
shift. Variables like visual acuity and movement accuracy
affect how the graphical keyboard should be arranged and
sized (2).

« Application. Information conveyed to the user by the
graphical interface should depend on the functions required
by the software the user is running. For example, we have
included the ability for the interface to provide adaptive word
prediction based on past input. This option would be advan-
tageous for word processors and voice generation but not in a
graphics package .

» Computer hardware. Our devclopment is implemented on
the Macintosh computer which comes in several models, so
any alicrmative input system nceds (o be able to be tailored
with these differences in mind. The size of the computer
screen is one example of a hardware consideration. Less
information can be incorporated into the G1 for a small

screeped computer since part of the application window will be
covered over by it.

« Cognitive level. There is a cognitive cffort in understanding
that handling an input device produces a change on the compu-
ter screen. The method of initiating a task should be intuitive
since some people may not be capable of much encoding.

“Computer Access” (CA) describes the need to map a user’s
input to the computer’s functionality. The traditional approach
is to interpret alternative input devices in such a way as to
emulate the standard input devices (Sec Fig. 1 a). Although
this approach seems intuitive, it makes the assumption that
such users are best able to access computer functionality
through the same channcls as an able bodiea person. In fact,
the approach serves only to make it cumbersome to access the
capabilities of computer software (1,2).

Traditional mouse cmulation, in particular, can be very cumber-
some, such as when using a four switch array to generate
mouse movement. Choosing a menu command is accom-
plished by a series of switch closurcs to manocuvre the mouse
to the appropriate locations in the menu. The same task could
be accomplished more dircctly in several ways, one way would
be to activate onc swilch with a special code to access the menu
bar (Morse code for m, for example), then activate the switch
to select the column (four times for the fourth column) and then
again to select the corresponding row of that column (three
times for the third choice).

In our minds, altcrnative access systems should "access compu-
ter functionality” (Fig. 1 b) rather than “access keyboard and
mouse” (Fig. 1 a) , contrary to the traditional approach dis-
cussed above.

Software
Functionality

User
interface

Keyboard
and Mouse
A

Emulator

A

User

Figure ! a: Traditional approach.
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Software . User Keyboard
Functionality interface and Mouse

1 1 1

Alternate User Interface

1

User

Figure 1 b: Direct approach.

Statement of Problem

The problem is to design a sysicm which will allow the
specification of appropriate ways for physically handi-
capped persons (o drive a computer more directly. This
system can be tailored to the individual according to the
design issues discussed above by customizing the physical
input method and the graphical interface.

The present uscr interface implemented on the Macintosh is
not satisfactory since we want to deal with more informa-
tion than just keyboard and mouse cmulation. A new user
interface must be incorporated which will allow the defini-
tion of user interfaces of a different nature. Taking this
approach wili result in a new input and user interface
“foundation™, rather than the traditional one which is based
only upon keyboard and mouse.

Approach

We must consider new variables in the specification of
interfaces appropriate for limited input users so more
information can be cxtracted from that interface. For
instance, time can be used as an cxtra control variable 1o get
morc information out of onc switch. While scanning with a
single switch it may be feasible for the user to hit the switch
with a special code to escape out of an incorrect group
sclection. This climinates having to wait for the computer
to scan through the incorrect selections. The uscfulness of
this option will be determined by the cognitive and physical
ability of the user.

Itis possible to usc an arbitrary number of altemative input
devices. These inputs may include all standard inputs
(keyboard, mouse) as well as a variety of alternative access
devices.  We must reduce the sct of all activities the user
would wish to choose from to a simple set of functions
which depend on the current application.

The software has two parts, an input cngine and an output
engine (See Fig. 2). Input received by the input engine falls
into two categorics: physical device actuations, called input
triggers, and context, called context triggers. Conlext
triggers allow the meaning of input to be dependant upon
the current state of the machine, or, in other words, whal the
uscr is currently doing. "Output triggers” going from the
input engine to the output engine can be defined as a
function of any combination of the input triggers, including

historical information. For instance, an output trigger defined
to sclect from a scanning keyboard could be specified to
become true whenever the user closes a switch for at least
500ms but not more than 1000ms. With two or more input
devices, endiess combinations of triggers can be defined,
depending upon the specific capabilities of the user. Any
conceivable form of switch input can be handled such as
Morse code, obscure combinations of multiple switches or a
single switch input having many meanings depending upon
the state of the machine. In this manner, the inpul engine can
be extended to make limited input richer.

Auduonouny
a1eMjog

N

Context
Information

Figure 2: Approach to Computer Access

Next, the output engine must make a decision as to what to do
with the given input. The input engine has no channel to
communicate to the user since it is a low level operating
system extension which acts as a black box control centre.
Within the output engine, the author may use three channels
to communicate options to the user: audio, a window (GI) and
cursor. By selecting these options, the user may implement
software functions, change the meaning of future input, or
control the interface itself. For instance, the cursor channel of
communication may display a spinning cursor which moves
in the direction indicated when the switch is closed.

The software has been implemented as a system extension
and MultiFinder ™ background application. This allows it to
function concurrently and interact with cxisting Macintosh
software.

The discussion of specific software functions and the exact
nature of input devices from a hardwarc and software stand-
point are not within the scope of this paper.

Implications

Today's advanced compulers, including the Apple Macintosh,
rely upon “high input bandwidth” since they allow such a rich
set of input options at any given time. The input enginc's
contribution is to allow alternative input devices to be
cxtended to whatever manner the uscr is capable of driving
them in order to overcome this lack of rich input. Thus, a
well designed st of triggers will maximize whatcver input
bandwidth is avail: le.

‘The GI can channel input most approprialtly towards per-
forming a task. Essentially, different sets of options arc made
available to the user at different times and even more options
are made available through word prediction and macros. This
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is an cxample of the computer doing more work to bring
appropriate options to the user so that communication speed
from the uscr to the computer is increased. Thus, the
compuler is generating a high output bandwidth.

To make the computer even more directly accessible 10 the
user in the future the next step will be to create a sct of
“templates” specific 10 every application, window or task
so that the options which the user may choose from are
appropriately limited. For instance, when a dialogue is
presented to the user which asks, “Do you wish to save this
document before quitting”, it is cvident that the user need
only indicate the answer o this question, there is no need
for the interface to offer options such as moving the mouse,
Lyping text, or anything else. A template will allow the user
to choose directly from options, rather than working
through the cumbersome and time consuming abstraction of
moving a mouse or Lyping on a keyboard. This final
mechanism reduccs the set of options presented by the
output engine so that the user may choose what he or she
wants with fewer actuations chosen via the input engine.

Discussion

Obviously, this system has implications for any mode of
alternative access method: headpointer, single switch,
expanded keyboards, cic. A concrete example is presented
here for clarity. Morse code is a very fast way to enter text
with single or dual switch access and is chosen by many
users who have the dexterity and cognitive level to practice
it. There are an overwhelming number of codes to remem-
ber if punciuation, control characters, and macro codes are
to be used in addition to letters and numbers. It would be
casicr on the user if the complicated codes, or cven
alphanumerics they cannot remember, could be accessed
from a scanning graphical interface. Then the user would
have redundant methods of accessing the same thing (2). It
is not a trivial exercise to switch between morse code and
scanning inpul on traditional systems, however, with our
design these two methods can be used casily side by side.
Word prediction and macros can also be presented in the
graphical interface to help speed up access time for the user.
A graphical interface which expresses the ideas discussed
here is shown in Figure 3. The GI scans between the word
prediction list and the activaticn arcas which summon other
scanning levels or macros. Icons arc used to represent other
scanning levels for numbers and punctuation,
alphanumerics, and modificr keys and macros to initiate the
spinning cursor, menu access, and page up/page down.

The manner in which the user accesses these graphical
interfaces can be adapied exactly to the user. If the user has
the physical dexterity to utilize more than the one or two
switches that are required by morse code this extra degree
of frecdom can be utilized. The third switch could be used
to start scanning the graphical interface, and then select
items. After the word prediction list is selected a specific
word can be chosen directly, for example, if the third item
down was required they could hit the switch three times in
succession.

This system seems so flexible that it is almost overwhelming.
In order to be functional in the real world it must become
very user friendly. To accompilish this several standard
keyboard layouts will be provided with the option to adapt
them to specific users. An expert system should be developed
1o help the therapists and users to make the best choices for
access method, graphical layouts (4) and useful macro
functions.

R Madente Scanning Keyboard EEEEmm
— =
(L2

Figure 3: Sample Scanning Layout
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THE CONTROL INTERFACE ASSESSMENT SYSTEM:
A COMPUTERIZED ASSESSMENT TOOL TO EVALUATE CONTROL INTERFACE DEVICES

Cindy L. George, Warren E. Laceficld, & Bamard P. Fieming
Academic Software, Inc.
Lexington, KY 40507

ABSTRACT

This project develops and fieldtests a prototype softwarc/hard-
ware assessment package to support assistive technology assess-
ment personncl responsible for selection of appropriate control
intcrface devices for persons who have difficulty interacting
with their environment. This population includes individuals
with leaming, intetlectual, or physical disabilitics; very young
persons; and/or clderly persons. The Control Interface Assess-
ment System (CIAS) includes software designed to mcasure
critical characteristics of an individual’s ability to intcract with
available and potentially useful control interface devices suchas
touch keyboards and adapiive switches. The CIAS system is
compatible with IBM computers and utilizes two specially
designed control interface devices: a Membrane Keyboard
Simulator (MKS) and a Universal Adjustable Microswitch
(UAS). These devices connect to the computer and arc operated
by the individual following a scrics of standardized test sc-
quences under software control using visual, auditory, and
ainesthetic prompiing. CIAS is intended to provide the capabil-
ity to simulate a wide ammay of speciatized control interface
devices prior to a decision to acquire any particular onc and
improvc the accuracy of asscssment procedures for determining
appropriate devices for environinental control.

BACKGROUND

Current advances in technology have made independent covi-
ronmental intcraction a feasible goal for persons who previously
have been unsuccessful in controlling their environment. Ad-
vances have been made in the development of specific devices
and cquipment nceded by these individuals as well as the
development of altemate contro! interfaces for existing devices
and cquipment. An interface provides the mecans for interaction
10 occur between the user and an object (Levy, 1983). The
relatively new application of physical and clectronic controt
interfacesin the rehabilitation/habilitation and speciateducation
ficlds is providing many nersons first-ume experience with
various forms of environmental control (i.e., playing with wys,
turning on lights. using microcomputers, controlling scanning
displays, and communicating through the usc of angmentative
communication devices).

A wide variety of alternate control interface devices are com-
mercially available. These devices are included in catcgorics
such as microswitches, altemate keyboards, mouse keyboard
emulators, speech recognition systems, and environmental con-
trol units. The TRACE Center published a Rehab/Edugcation
Resouree Book Series in 1987 that provided a comprehensive
catatog of 117 adaptive switches as well as a wide variety of
other adaptive interface devices.

STATEMENT OF THE PROBLEM
The assessment process for making decisions regarding control

interlace devices has become increasingly more difficult as the
number of device options increase. When variations in physical

dimensions and operational characteristics for these basic types
of microswitches and other variations in user functionality and
positioning are considered, the list of possible choices for a
particular individual and functional task becomes bewildering
cven to the most cxpericnced assessment professional. The
question becomes Which of the many control interface devices
is appropriate for which user? Just as user abilitics and limita-
tions vary, so do control intcrface device variables and dimen-
sions. The importance of determining the appropriateness of a
device by matching the user with a control interface device is
crucial to providing users with their key for interacting with the
world.

RATIONALE

Asscssments must be developed to arddress not only the specific
needs of the population but also the range of individual differ-
cences found within that population (Glennen & Ourand, 1989).
The need for systematic assessment methodologies isclearin the
curreat literature (Esposito & Campbell, 1987; Wright & Nomera,
1987). Assessments for control interface devices are currcntly
xing conducted using a wide range of procedures. Decisions
that arc made regarding which device is predicted to be most
cffective and cfficient for a particular user are often based on
subjective data only. Professionals conducting assessments are
often limited to making judgments based on direct observations.
To make assessments more accurate and reliable in terms of rate
and duration, stopwatches and other timing devices have been
used. Oglesby states that other variables such as actuating force
and travel are equally significant to the asscssment process and
should be addressed (1987). However, these variables are not as
casily measured and scldom are included in assessment reports.

The number of control interface devices available to any onc
asscssment [ab or clinic is limited by the high cost of commer-
cially available devices. It is unrealistic to cxpect that an assess-
ment lab/clinic could possibly be equipped with the range of
interface devices needed to adequatcely assess which one of the
vast number of commercially available devices a user actually
nceds. Professionals conducting technology assessments are
forced to usc the specific control interface devices they have at
hand to cvaluate a user’s performance. Using this technique,
professionals can not make reliable recommendations that some
alternate control device (other than the one they actually used
during an asscssment) would be more appropriate since the
alicmate device was not tested direcly by the user. Conse-
quently, this asscssment technique is Jimited by its recommen-
dations of only those specific control interface devices available
for use and uscd during an assessment.

Additional asscssment tools currently being used by profession-
alsinclude specialized microcomputer software programs{(Singlc
Input Control Assessment, 1983; Rizer, Rein, & Ourand). Thess
computerized asscssments provide professionals additional
mcans of gathering reliable data by clectronically measuring the
variables rate and accuracy. Current compulter programs, like
the other assessment procedures previously describea, have
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limitations for they too do not address all of the variables needed
to accuralcly assess control interface devices. Furthermore, ¢x-
isting softwarc programs do not allow for the range of commer-
cially available devices.

Anassessment tool which can bealtered and adjusted tomatch the
varicd range of users’ abilities with control interface device
variables as well as their dimensions is badly needed. Creating a
microcomputerbased assessment system which would measure
the abiliticsof the user in terms of actuating force as well as travel,
would improve assessment procedures by calculating the specific
variables nceded in a control interface device for the user to be
successful. In addition to addressing both the user and device
variables, acomputer assessment system that would climinate the
need for purchasing a wide array of commerciallv available
control devices wouldbequite cost-cffective. TheControl Interface
Asscssment System mects this need.

DESIGN & DEVELOPMENT

CIAS is a softwarc/hardware package written in the C program-
ming language to facilitate porting the source code to different
microcomputer systems. The current version of the CIAS software
will run on the IBM PC microcomputers (and compatibles). The
hardware devices required as part of the assessment package are
designed to interface with the IBM system. Assessment profes-
sionals using C1AS software will be asked to provide gencral
information about the user which includes the user’s name,
assessment date, and specific information about the particular
device being assessed (i.c., the anatomic site used to activate the
switch, the position of the switch, the size of the grid of cells on
the keyboard). Next, professionals are given the option to asscss
two major categorics of control interface devices: switches and
membrane keyboards (alternate keyboards for microcomputers
as well as keyboards on dedicated communication devices).
Within cach major calegory, a varicty of tests are available as
options for assessing that particular device. Testing options allow
for the ability ranges of the persons being assessed.

Twospcciaily designed general purpose control interface devices
that have been developed are the membrane keyboard simulator
(MKS) and the universal assessment switch (UAS). Both these
devices use force sensing resistors (FSR) technology for continu-
ous measurement of the actuating forces (Interlink Electronics,
Santa Barbara, CA; Hyman and Miller, 1990). The mechanical
design of the UAS allows it to simulate and substitute for all the
various pressure-sensitive swilches usually used during an as-
sessinent. The switch is designed to accept contact surfaces
varying in size, and shape, and texture. A specific force for
successful switch closure can be presct by the professional. The
MKS is constructcd of a two-dimensional array of 384, 3/4" FSR.
Thearray consists of 16 rows and 24 columns. The dimensions of
the MSK is 18" x 12", Euch FSR is positioned to reduce “dead
zones”. A thin plastic sheet overlays the FSRs to provide even
distribution of force as well as protection. An A/D converter is
interfaced to the 1BM performing the final processing of data
flom cither the UAS or MSK.

EVALUATION

The CIAS ¢valuation will be completed in the spring of 1991.
Plans for this ficldtest encompass threc phas2s. The first phase
involves in-house evaluation to validate the accuracy of the

software system for measuring and calculating variables tested
by the CIAS hardware assemblics. Scftwarc measurements ob-
tained using the MKS and the UAS will be compared to similar
measurements obtained using six commercially available pres-
sure switches varying in terms of rated travel and actuating force
variables.

The second ficldtest phase will be conducted to evaluate the
CIAS testing content. It is crucial that the various tests that are
provided as options for assessing a user’s abilities to interact with
the UAS and the MKS well represent the many available control
interface devices that can be recommended for use. Need for
additional or altered test sequences and/or content will be iden-
tified at the time of evaluation and field testing. The targeted
group for evaluating the system content will be representatives
from groups who are responsible for instructing others about the
availability and use of control interface devices. Three questions
will address the content of the CIAS. 1) Are the interface tests
appropriate for assessing the user’s ability to use a membrane
keyboard and/or use a switch to interact with their environment?
2)Are there any changes in the existing tests that would provide
amore accurate demonstration of user abilities? 3)Are there any
additional tests that could better assist in assessing user's abili-
ties?

The final ficldtest phase will involve the use of the CIAS for
actual assessment work with professionals within the first nine
stales which were awarded assistive technology funds through
The Technology-Related Assistance for Individuals with Dis-
abilities Act of 1988 (PL 100-407). The states that were awarded
funds to provide assistive technology information, assessment,
and devices Lo persons within their respective borders are: Arkan-
sas, Colorado, Illinois, Kentucky, Maine, Maryland, Minncsota,
Nebraska, and Utah. Each state’s lead agency will be contacted
and asked to identify a state assessment site. The assessment site
will conduct at feast two actual assessments within the week (5
working days) that they are provided with the CIAS software/
hardware package. Sites will provide information and evaluation
feedback to the project staff conceming at least three major
issues: (1) the effectiveness of the Control Interface Assessment
System with regard for assessing user abilities and providing
assessment professionals with information that is useful when
purchasing commercially availableinterface devices for the uscr;
(2) the utility of the general discussion, operation instructions,
and tutorials contained in the CIAS User’s Manual; and (3) the
cffectiveness and suitability of the software presentation formats,
display screen appearance, user prompting modes (visual, audi-
tory, and kinesthetic); user interface characteristics, including
posiioning, motivation; and and abitity to work with the control
interface simulators. These issucs are reflected in the following
cvaluation concems that will be addressed during the evaluation.

A major factor to explore inthe cvaluation is whether assessment
professionals can reliably and easily assess users® abilitics to
interact with control interface devices. Three questions rela: e to
the suitability of the system utility for its intended purposes: 1)
Arc assessment professionals able to use summary information
tha: is displayed following testing procedures? 2) Are the sum-
mary information printouts uscful in providing additional
documentation for assessment reports? 3) Is the summary in-
formation appropriatc and accurate in assisting the asscssment
professional in the decision making process for purchasing
commercially available control interface devices?
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Inaddition to results provided using the CIAS, it is also important
10 determine whether the software is presented in a way that
makes it easy to understand and operate as well as whether the
hardware is designed in such a way thal it is easy to manipulate.
The informations contained in the draft User's Manyal and other
documentation and the actual presentation formats and flow-of-
control for the software itself will need to be tested in the ficld.
Errors that may exist in both the software program cxecution and
display of information and the manipulation of the customized
hardware devices are also identified at this time. Ten evaluation
questions are related to the concern about software and hardware
design and operation: 1) Are instructions for using the system
appropriate, sufficicnt, and clear? 2) Are the format of screen
designs and mcthod of presentation clear? 3) Is the level of
language appropriate? 4) Are unique terminology and technical
terms well-defined? 5) Is the sequence of information that is
presented appropriate? 6) Are there any typographical, gram-
matical, or other mechanical errors in the screen display? 7) Are
the supplementary materials sufficicnt? 8) Is the system casy to
set-up in terms of interfacing the hardware devices with the
microcomputer? 9) Are the Universal Switch and the Membrane
Keyboard Simulator appropriate for assessing control interface
devices? 10) Are the hardware devices easy to manipulate?

Like the second phase of ficldtesting, it is crucial that the various
tests that provided as options for assessing a user’s abilitics to
interact with the UAS and the MKS well represent the many uses
for recommending the usc of control interface devices. The need
for additional or altered test content arc identified at the time of
evaluation and ficld testing. Three questions will address the
content of the CIAS. 1) Arc the interface tests appropriate for
asscssing the user’s ability to use a membrane keyboard and/or
use a swilch to interact with their environment? 2) Arc there any
changes in the existing tests that would provide a more accurate
demonstration of user abilities? 3) Are there any additional wests
that could better assist in asscssing user’s abilitics?
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IMPROVING ALTERNATIVE ACCESS TO COMPUTER GAMES

Glen Ashlock

Rehabilitation Engineering Program, Department of Physical Medicine and Rehabilitation,
University of Michigan Medical Center

ABSTRACT

Alternative computer access methods such as
scanning and Morse code can be used by people
with handicaps to play computer games.
Customized input systems increase the number of
games that can be played using these methods and
reduce the effort neceded to play them. A set of
guidelines for creating customized access systems is
developed and examples using these guidelines with
a commercially available keyboard emulation
program are presented for two different games. A
case study that demonstrates a clinical application
of playing computer games is also presented.

BACKGROUND

Playing computer games provides a means of
recreation and serves to introduce new users to
computers and experienced users to a ncw access
method. For new users that are intimidated by
computers, playing games can help them to
overcome their initial fear and ease them into
learning the operating system. Game playing can
also be used as a way to maintain a user's interest
while providing the needed practice and repetition
necessary to become proficient using @ new access
method. Computer games also provide a way for
people with handicaps to play and compete with
friends and family, both disabled and non-disabled.
Cowmputer games are a recreational activity that can
be resumed quickly after an injury, often with the
user at the same skill level as before his or her
injury. In addition to these other reasons, pliying
games is just plain fun.

Access methods such as scanning and Morse code
provide an alternative to using keyboards that works
well for many applications, such as word
processing, but in many cases these methods are not
very effective for playing games. Using scanning in
most standard configurations forces the user to
repeatedly scan past characters that will never be
used for the game. Another problem is that games
often require combinations of letters, numbers, and
arrow or function keys. These keys are typically on
different levels of the scan tree, so the user spends a
lot of time switching levels instead of playing the
game. Since speed and timing are important while
playing many games, these delays may make a
game impossible to play using scanning in a
standard configuration. Since Morse code is a
direct select method, it does not involve the same
problems as scanning. However, for games where
speed and timing are important, entering the code
for a key may take too long, especially for new
users.
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OBJECTIVE

This paper presents a method of improving access
to computer games for handicapped individuals. A
set of guidelines for using customized scan trees to
play computer games is developed and
demonstrated with examples from two games and a
brief case study.

METHODS

Only a limited set of keys is required to play most
games, and a small subset of these keys may be all
that is necessary at a given level of the game. Some
characters may be needed throughout the game,
while others are needed only on a few occasions.
When using scanning input to play games, a scan
level that contains only the necessary characters for
the current game level reduces the probability of
sclcction crrors and minimizes selection time. The
arrangement of the scan trees should be determined
by the flow of the game, changing automatically
based on the keys selected to match the current
game level.

The entries (selection choices) in each scan level
should be arranged by their frequency of use. The
frequency of use for each cntry is generally
dependent on the current level of the game. To
minimize selection times, the order of the entries
within the scan level can be changed automatically,
based on the previous selection choires. It should
be noted, however, that frequent ¢. anges in the
arrangement of the entries in a scan level may offset
the gain in efficiency realized from opiimizing the
order of the characters(1). This is because dynamic
ordering of entries in a scan level increases the
cognitive load on the users and requires them to
spend more time visually searching the choices on
that scan level for the desired entry. The abilities of
the intended user should be considered before
making use of dynamic scan trees.

There are instances during a game when is helpful
to enter multiple characters and perform other
functions. For example, there may be a need to
repeat a particular keystroke many times in a row or
to enter a frequently used combination of
keystrokes. It may also be helpful to change
parameters such as the speed of the game. It should
be possible to execute these tasks by selecting one
item in a scan tree or by entering a single code
when using Morse code. To do this, the alternative
access method must allow the creation of an item in
a scan tree or a Morse code sequence that changes
scan tree levels, enters strings of characters,
performs system functions, or executes any
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combination of these actions. For Morse code, this
requires the ability to define special codes that are
not included in the standard Morse code set.

When using scanning as the input method, the input
rate and timing are determined by the scan rate and
position of the item within the scan level. For
Morse code, input rate is determined by the speed at
which the user can enter the codes. When the
timing of the keystroke is critical to the game, a
specialized scan level that contains a single entry
can be used. With this type of scan sublevel, the
entry is input whenever the select switch is
activated. When using Morse code, the access
method should allow a code to be defined that will
switch the user into scanning mode with a single-
entry scan level. As with scanning, the keystroke is
input when the select switch is activated. The
single-entry scan level should be configured so that
it returns the user to the previous mode after a
preset number of selections have been made or a
wait period is concluded.

As an additional note, individuals using the MS-
DOS or other appropriate operating system can
create a batch file that allows users to independently
switch between the custom scan tree for a game and
their standard configuration for other applications.
The command to start the batch file is entered with
the user's standard input method.  For the
handicapped user to be independent, the bz:ch file
needs to change to the input configuration for a
particular game, run the game, and then return to
the user's standard configuration when the game is
completed.

RESULTS

The keyboard emulation program used to develop

the following methods and examples was
Altkey(2,a). Altkey wus selected because it allows
a great deal of freedom in the design and utilization
of customized scan trees, Morse code with user-
defined codes, and combinations of Morse code and
scanning.

Game 1

Magic Boxes(b) is a math game where the user
completes equations in rows and columns by adding
numbers and math symbols. The necessary keys are
the numbers, +, -, x, the arrow keys, and a few
letters and function keys that are used for game
commands. The only keys required in the scan
level for the game set-up screen are the numbers 1
to 8 to select the level of play and the Esc key to
quit. The “easy" game levels use either the
numbers or the math symbols, so only one of these
groups is needed in the same scan level. The initial
scan level is set up so that when one of the "casy"
game levels is selected, only the appropriate group
appears in the resulting scan level.

The arrow keys are the most commonly used group
of keys throughout Magic Boxes and are positioned
at the beginning of the entries in the scan level used
to play the game. After an arrow key is selected to
move the cursor in a given direction, it is likely that
the next movement will be in the same direction;
that arrow then moves to the front of the arrow
group in the scan level. Since the numbers and
math symbols are the next most commonly used
groups, they follow the arrow group in the scan
level. Any of the game control commands may be
needed throughout the course of the game, so the
command group is always available. However,
since none of these commands are used very often,
the command group is the last group in the scan
level. The individual commands in the group are
arranged by their frequency of use.

Game 2

The game Mean 18(c) simulates playing a round of
golf on one of several well-known golf courses.
Before making a shot, the arrow keys can be used to
adjust the direction in which the ball will be hit.
When putting, this often requires pressing the key
as many as 30 or 40 times in a row. To simplify
this process, special codes were defined that enter
up and down arrows in groups of 5 and 10. There
are three steps needed to hit the ball in Mean 18.
Pressing the spacebar starts the backswing; pressing
it again determines how hard the ball will be hit by
stopping the backswing; and the third press
determines the accuracy of the shot—a little too
early and it hooks, a little too late and it slices. A
special scan level is initiated after the shot has been
lined up and a club selected using either audio
scanning or Morse code. This special scan level
consists of three levels, each with “"space"” as the
only item. After the third "space” is selected, the
system retumns to the user's regular mode until he or
she is ready for the next shot.

Case study

H.J. is a 32-year-old woman with ventilator-
dependent quadriplegia as the result of a sports
accident in 1969. H.J. had not previously used a
computer, but was interested in learning how to do
so, primarily for writing. Based on her abilities and
goals, two-switch Morse code was determined to be
the best long-term access method. Initially, she had
difficulties entering the proper codes and her
attemnpts at writing became very frustrating. To
provide her with a break from word processing, H.J.
started playing the Mean 18 golf game using Morse
code. Her input error rate was just as high in golf,
but unlike word processing, entering the wrong
code usually did not have the result of inputting a
character that needed to be deleted. After playing
the golf game for several sessions, H.J.'s input error
rate had decreased and she returned to the word
processing program. During this later attempt at
writing, she was able to enter text at a much higher
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rate with fewer errors. H.J. continued to increase
her input rate by practicing Morse code using both
the word processor and the golf game.

DISCUSSION

Customizing alternative access Systems increases
the number of computer games that can be played
by people with handicaps, but problems still remain
that prevent the methods discussed above from
being used with some popular games. Some games
require the user to quickly enter several different
keystrokes, each time in different combinations, so
a custom scan tree cannot be created in advance.
Morse codes can have up to 6 dots or dashes for
each keystroke, so even fast users will be at a
disadvantage in these types of games. Another
problem is that games which run in graphics mode
often cannot be used with on-screen scanning
because the entries in the scan trees are badly
distorted or not visible at all. These methods also
do not provide access to games that require mouse
or joystick input, although other options, such as
head-controlled pointing devices, are available.
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Abstract

This paper describes a new approach to making computers ac-
cessible to persons with disabilities. Developed at California
State University, Northridge, the Universal Access Systcm
cnables an individual to operatc any computer over an in-
frarcd communications link. The system breaks away from
usual access methods by performing all access functions out-
side the computer which runs the application. Applications
programs run on 2 host computcr, and all access functions arc
handled within a personal access device called an "accessor.”
This separation of functions climinates many of the problems
and limitations inherent in present access systems. Additional-
ly, the Universal Access System has the potential to sig-
nificantly lower the cost of providing access.

Introduction

The Universal Access System equalizes accessibility to use any
computer, appliance, or clectronic device. Traditionally,dis-
abled individuals require a host computer to run special access
programs as well as applications. The Universal Access Sys-
tem performs all special access functions outside of the host in
a personalized "accessor.” In other words, the host computer
runs the application and the acccssor provides the access.
Host computers no longer nced to be modified in a user-
specific manncr. Instead, they are made accessible through the
addition of a low-cost, standardized "Universal Access Port.”
This port provides an intcrface between the resources of the
host and the "Universal Access Link.” Any acczssor can com-
municate with any suitably equipped host. In simplistic tcrms,
an accessor can enter information into a host program as if it
were coming from the host keyboard or mouse, and read infor-
mation from the host screen. A host has no knowledge of how
information is gencrated or uscd within an accessor.

Potential benefits of adopting a Universal Access System in-
clude:

® Budget Stretching — The Universal Access System is cost-
effective for disabled users and organizations which must
provide accessible cquipment. On one hand, a personal ac:
cessor provides a disabled individual with access to any
device cquipped with a Universal Access Port.  On the
other hand, educational institutions, employers and public
scrvice providers can make their information processing
equipment accessible for a very small unit cost.

® Durabillty — Individual solutions bascd on thc Universal
Access System arc morc durable than preseat solutions.
The accessor docsn’t need to be changed as a person's study
or work requircments change. An accessor correctly
matched to an individual's requircments will remain valid
for a very long time, thereby Ieading to significant savings in
assessment, counscling, enginecring, and training resources.

® Setting Standards — Adopting standards bascd on the
Universal Access System will make the manufacturc of spe-
cial access cquipment more viable because it will Icad to in-
creased market sizes.

¢ Compliance with ADA and Section 508 — The Universal
Access System provides the most straightforward and
lowest cost method to comply with federal access require-
ments such as the Americans With Disabilitics Act,

The Universal Access System can fully utilize currently avail-
able special access products. In fact, incorporating the Univer-
sal Access Link protocol into existing products will increase
their utilization as they automatically inherit the ability to in-
teract with any other Universal Access System device.

Universal Access makes any device that uses clectronic con-
trol accessible. In some cases, a Universal Access Port will be
included as part of the controlled device. ATMs, telephones,
home appliances, and ¢levators, could casily include a Univer-
sal Access Port. In other cases, interfacing will be possible
through an intermediate standard such as CEBus, which was
developed to provide remote control in homes and industrial
plants. The same accessor that enables a person to write can
provide full access to environmental control through its inter-
face to the CEBus.

Prototypes of the Universal Access System are currently being
cvaluated and demonstrated to interested organizations.
Production and marketing of the Universal Access Link and a
selection of accessors is underway. Software drivers for con-
necting the Universal Access Port to a2 host have been
developed for IBM compatible and Apple Macintosh PCs.
Drivers for other computers and a more extensive range of ac-
cessors arc planned for development over the next year.

Traditional Access Methods

The unique approach of the Universal Access System becomes
apparcnt by bricfly reviewing traditional approaches to provid-
ing computer access for disabled users. At the present time, it
is usually nccessary to modify the host computer in a user-
specific manner, providing special hardware, software or both.
While this approach is generally satisfactory for disabled in-
dividuals who work with a single computer, it is 2 major prob-
lem for institutions in which many computers must be used by
many diffcrent people. For example, Californiz State Univer-
sity, Northridge has ncarly four thousand computers which
should be accessible to all students. However, with & disabled
population of almost one thousand, it is not possible to predict
where and when particular types of access will be required.
Our present solution is to provide services at a centralized
Computer Access Lab. This lab contains about thirty com-
puters and a sclection of special hardware and software. Each
disability is handled by one or two specially adapted systems,
Whilc this lab has achieved its basic aim of assisting disabled
students, it is not the perfees ~~lution. Students are restricted
to working in the lab, suffcring inconvenience and unable to
work alongsidc their peers. They often have no access to cer-
tain programs. One solution is to equip disabled individuals
with an accessible laptop computer they take to class. While
this works in some situations, there are some severe limitations
in its cffectiveness. Many of the required programs cannot be
run on a laptop computer because of memory size, operating
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spced, storage requirements, lack of particular periphcral
deviccs, or copyright restrictions.

The Universal Access System Concept

The Universal Access System builds on the.idea of equipping
disabled individuals with an accessible laptop computer; not to
run applications programs in the laptop, but to use the laptop
as an extension of a host computer’s screca and keyboard. In
this case, the laptop computer is referred 10 as an accessor.
The interaction between an accessor and a host is such that
the accessor handles all user-specific requirements. Com-
munication between an accessor and a host computer is
provided by a bi-dircctional, wirclcss, infrared data link called
the Universal Access Link. It is this link which cnables the
Universal Access System to work with any type of host and any
type of disability. At onc ¢nd, the Universal Access Link con-
nects Lo 2 host computer through a Universal Access Port. Al
the other end, an accessor provides the interface to a disabled
person. Equipped with an appropriatc accessor, a person can
access any computer which has a Universal Access Port. The
various requirements of individuals with different disabilitics
are met by using different accessors.

It is an oplion, not a requirement, for an accessor to usc a lap-
top computer. An accessor can be as small or as large as is
necessary to handle the access requirements. For example, a
"Morse code accessor,” can be constructed from singlc chip
microprocessor at a cost of a few hundred dollars. In contrast,
a “specch accessor” capable of taking dictation requires a fast
386 computer with cight Mb of mcmory and a hard disk and
cosls more than ten thousand dollars. Between thesc extremes,
there are many situations in which a standard laptop computcr
will provide the most cost-cffective solution. An important fac-
tor, howevcr, is that each of these accessors can operate the
same host computers without any changes being made (o0 the
host.

The following cxaraplc shows the valuc of the Universal Ac-
cess System: With the traditional approach, a computer (o be
used by a blind person is equipped with a tcxt review program
and a speech synthesizer. While this makes the computer ac-
cessible to the blind uscr, it docs nothing for physically or
learning disabled users. Scparate modifications arc requircd
to handlc cach typc of disability. No such limitation cxists for
the Universal Access System. All computcrs capable of intcr-
acting with the Universal Access Link prescat an identical in-
terface lo accessors. Pcrsonal accessors handle the great
varicty of capabilities required by individuals with diffcrent
disabilitics. For cxample, accessors for blind users contain a
specch synthesizer and software for reading the host computer
screen.  Accessors for physically disabled persons use point-
ing, Morse code or scanning to enter keystrokes into the host
computer. Individual accessors are programmed to sclect only
those features of the host they arc renlacing or augmenting.
So, accessors for blind or visually i=.paired uscrs read the
screcn of the host and cither magnify or speak the text. Acces-
sors for physically disabled users will gencrally scnd informa-
tion to the mousc or keyboard of the host and not nced to read
the scrcen. An accessor for a person who is blind and physi-
cally disablcd might include all three of these capabilitics.

Description of the Universal Access System

The Univcrsal Access Systcm consists of four basic com-
poncats: An acccessor, a Universal Access Link, a Universal
Acccss Port, and a driver program which runs in the host com-
pulcr.

.

Universal Access Link "

Host

Computer Accessor

1BM PC Blind

Macintosh Visually impaired
NeXT Physically Disabled
ete. Learning Disabled

Figure 1. Universal Access System

@ Accessor — A bridge between the special needs of a dis-
abled individual and a standardized communicalions
protocol supported by the Universal Access Link. Acces-
sors can be designed to support any form of input or output
that may be required by a disabled user. Accessors may be
very simple; i.e. a Morse code generator, or they may be
very complex, i.e. a speech recognition system.

o Universal Access Link — A bidircctional, infrared link
which givcs access to the standard input and output func-
tions of a computer. The same link protocol is used for all
compulers and accessors, and is built around a packet sys-
tcm in which standard packet structures transport data back
and forth between the accessor and the host computer.
Packets are defincd for keyboard cvents, mouse events,
screen cvents, and miscellaneous cvents such as file trans-
fers. ‘The link uscs interrupts to interact with the accessor
and host computers only when there are packets of datato
be transferred. This ensures that the link has no effect on
the performance and resources of the host computer when
therc is no accessor present.

Universal Access Port — Thc physical conncction to the
host computer. The prescnt dcsign consists o an infrarcd
transceiver which plugs into a serial port on thc host com-
putcr. As the Universal Access System maturcs, we expect
the Universal Access Port to be included as a standard fea-
lure on most compulers.

@ Host Driver Software — A bridge bctween the stand-
ardized protocol of the Universal Access Link and the
specific hardwarc and softwarc requircments of a particular
type of computcr. Each computer type requires a single
driver program to cnablc it to function with the Universal
Access Port.  The functions performed by the driver in-
cludc: link management, management of data packets (as-
scmbly, routing and disasscmbly), and interfacing to
keyboard, screen and mousc resources. Once a driver has
bcen written for a particular computcr, all accessors are
able to usc that type of computcr.

Cost Considerations

Compclling rcasons for adopting a Universal Access System
arc that it provides bettcr utilization of resources and it dis-
ablcd individuals a much higher level of indcpendence.

Traditional approachcs for providing access are costly becausc
cach computcr uscd by a disabled person must be cquipped
with whatcver special hardwarc and softwarc is nceessary. The
adaptations arc usually non-portablc since they cannot be casi-
ly moved back and forth between compultcrs at home and at
work, for instancc. In contrast, a Universal Access Port can be
atta. - to a computer for no morc than a fcw hundred dol-
lars and thc samc accessor can be uscd with computers at
homc, school or university, and work.
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The cost of providing access goes far beyond the purchasc of a
particular item of hardware or software. Labor costs include
evaluations, development of suitable solutions, funding, and
training. Furthermore, many of thesc costs are repeated each
time a disabled person moves from school to school, from
school to the workplace, or from one workplace to another.
This cyele can be broken if a disabled person is cquipped with
an appropriatc accessor at the earliest feasible opportunity.
Many recurring labor costs azc climinated. As well, costs to
schools and employers are significantly decreased since it is
usually only necessary for them to provide a Universal Access
Port on each computer.

Individuals grow out of computers as situations and skills
change. Children at clementary school will most likely usc a
small computer like the Apple. When they go on to high
school they will be expected to use IBM PCs or Mackintoshes.
When they continue on to university and work situations, they
may be exposed to workslations and mainframes. All of these
requirc different accessible interfaces under traditicnal ap-
proachces to accommodation. It is not unusual for disabled in-
dividuals to be usiug their fourth or fifth computer system and
special interface by the time they reach a work situation.
Every one of the computers they have used along the way rep-
rescots a significant outlay for asscssment, adaptations, and
retraining on how to usc the adaptations. In contrast, the
Universal Access System makes it possible to cquip disabled
individuals with the most appropriatc accessor at an carly age,
and for that accessor to remain with them throughout their
education and into the work place.

The Universal Access System shares the cost of providing ac-
css among the different agencices in a way that more closely
follows the way computer resources arc provided for nondis-
abled people. Because accessors represcnt a more permancnt
solution than many of the current devices, rehabilitation agen-
cies couid invest morce heavily in providing individuals with the
most appropriatc solution. A single accessor could meet the
nceds of a disabled individual for many years regardless of
how his or her computing requirements change during the
time. In other words, the job of providing an accessor could
be donc onee, and done well, rather than provided as a serics
of stop-gap solutions. The provision of host computers for dis-
abled students and employces could be handled by schools,
universitics and employers in much the same way as for non-
disabled students and employees. In fact, the same computers
can be sharcd by disabled and nondisabled users since the
Universal Aceess Port has no impact on a compuler when it is
nol being used by an aceessor. The cost of a Universal Access
Port is a relatively insignificant portion of the cost of a com-
puter.

Independence

Universal access is not limited to computers. Any cleetroni-
cally controlled apparatus can be controlled by an accessor.
Appliances, lights, telephones, cntertainment equipment,
clevators, ATMs, wheelchairs, and so on, can all be controlled
by an accessor. This means that a disabled individual can usc
the same input and output strategics to control all of the
cquipment with which they normally interact. As a result, it
will be much easicr for a disabled person to become truly inde-
pendent.
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Design Rationale

The concept of a Universal Access System is basically simple:
access funciions are handled scparately from applications,
Among the reasons for adopling this approach are:

® Fedceral and State laws require all information processing
equipment to be made accessible to disabled individuals.
This includes: computers, appliances, environmental con-
trollers, clevators, vending machines, automatic teller
machincs, and other clectronically controlled devices

® As the complexity of computer operating systems increases,
it becomes extremely difficult to incorporate special access
modifications.

® As the complexity and size of applications programs get
larger and morc complex, it is becoming difficult to run ac-
cess softwarc and applications simultancously.

¢ Some applications prevent programs from running at the
same lime.

¢ Different aceess softwarc and hardware is required for cach
type of computer.

o Different access software and hardwarec is required for each
type of disability.

o Functions related o providing access need to be separated
from thosc related to running applications.

® Access functions should be portable to cnable disabled in-
dividuals to use any compuler in any location.

@ The solution must be cost effeetive.
® Costs for implementing access must be minimized.

® Resources required to make individual workstations acces-
sible need to be as small as possible. Resources are re-
quired to modify hardware and software, and to provide
cxpert  assistance with nceds assessments, purchasing
rccommendaltions, provision of a suitablc system, training of
the disabled individual and his or her supporters, and main-
lcnance.

® Access solutions must be durable. Changes in the applica-
tions uscd by a disabled person should not render existing
access lechniques or devices obsolete.

® Access operations should be consistent for any type of host
compuler or deviee
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Training Therapists in Technology: Barriers and Solutions
from the Third Year of the TechSpec Program

Roger O. Smith
Trace R&D Center
University of Wisconsin-Madison

Abstract

The demand for technology-trained practitioners has by
far excecded the supply of competent technologists. At
the University of Wisconsin-Madison, a training pro-
gram known as TechSpec was created (o address this
personnel training problem. The program is now mov-
ing through its third ycar. Gencrally, the graduates of
this program have demonstrated continuing improve-
ment in their technology knowledge and skills. In addi-
tion, technology training activities have included the
production and dissemination of curricular matcrials.
Several course guides and documents are currently
available and have been distributed over the past year.
Morc than 75 individuals and agencies have requested
matcrials for review. While the TechSpec program has
been an initial success, it has also revealed some key
barriers to optimal technology education. Examination
of the results of the TechSpec program has shown some
limitations in its ability to address training
deficits—limitations inherent in the scope of the pro-
gram. There may be. however. alternatives for extend-
ing training programs and requircments 10 address the
full need.

Background

For more than a decade, the assistive and rehabilitation
technology field has acknowledged that it nceds more
and better methods for training practitioncrs to under-
stand technology and to be competent in its application.
Scveral years ago, a training program (TcchSpec) was
begun at the University of Wisconsin-Madison, s
objectives were 1) to improve the dircct training of
technology to professionals cntering the rehabilitation
and special education ficlds, and 2) to generate and dis-
seminaltc training materials which could be incorpo-
rated into other developing technology training
programs. Thc direct training initially targeted pre-
service occupational therapy students, with a later invi-
tation to individuals from other related professions.
The dircct training component was divided into foun-
dation and spccialty tracks. The foundation track pro-
vided technology coursework as clectives for any
students. The specialty track, resembling a technology
minor, required a specific set of core courses and clee-
tives.

Objective

The TechSpee program aimed to have 20-40 individuals
cnrolled in the foundation training activitics, and to
graduate 6-15 technology specialists per year. In addi-
tion, it was hoped that 10 occupational therapy profes-
sional training programs would consider using the
technology curriculum matcrials developed in their own
development of new courses or technology training ac-
tivitics. The work scope of the initial ycars of the pro-
ject was to formulate the new courses and develop
initial training matcrials. Later vears were expected to
revise materials, update the curriculum, and increase
dissemination of information matcrials.

Methods/Approach
The TechSpec program contains six core courses:

1) Introduction to Assistive and Rchabilitation
Technologics,

Design and Human Disability and Aging,

Adaptation and Construction of Equipment for
Persons with Disabilities,

Technology Practicum,

Microcomputers and Software Applications for
Occupational Therapists, and

Independent Study.

All of these courses have been established, and taught
at Icast twicc. In addition, a handful of elective courses
from departments such as Human Factors Engincering,
Computcr Scicnce, Physics, and Communication Disor-
ders are available to students. The specialty track
requires a 2-3 year enrollment, due to coordination of
practicum scheduling with other professional ficldwork
commitments.

Scveral specific strategies were implemented in the
TechSpee program to accommodate projccted problems
which might arisc. Thesc strategics included interdisci-
plinary lcarning opportunities, innovative scheduling,
and affiliation with scveral of the assistive and rchabil-
itation technology rescarch and clinical programs on the
university campus.

Resuits

TechSpec is now in its third ycar. A total of 147 stu-
dents enrolled in the technology training courses during
the first two years (102 occupational therapy under-
graduates, 9 occupational therapy clinicians. 34 indus-
trial engincering students, and 2 students from other
related disciplines). In regard to the disseminable ma-
terials, more than 75 university curriculum programs
and individuals have requested copics of the course
guides and training materials.

The quality of the program is monitored, in part,
through two tests: 1) a tally of the students’ own subjec-
tive pereeption of their knowledge, and 2) an objective
multiple-choice test. Both highlight the degree of suc-
cess for this training program. Figure 1 depicts student
scores on bnath subjective and objective tests at varying
stages of their coursework.

Data arc also compared between technology specialist
students and the non-specialist students. These results
are shown in Figure 2. Graduating scniors from the
second year of the program demonstrate visible differ-
ences between the two groups. In this data sct, the non-
specialist group contains students who may have had
some technology clective courses, but who are not en-
rolled in the specialty track. The technology specialists
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arc thosc who have completed all of the core classroom 1) Difficulty in scheduling fieldwork experiences:
courses. Fieldwork expcriences require a significant
Figure 1 amount o.flime, ard are usually difficult to
schedule in and around required coursework for
Performance by Number of Courses Teken - Subjective Teat a prc-profcssional lraining program such as
undergraduate occupational therapy.

5

The need to have two levels of practicum experi-
ences: an elementary exposure, where the stu-
dent observes a wide varicty of technologies, as
well as longer, more intensive, full-time spe-
cialty and hands-on fieldwork experience. The
program's current requirements are for one
practicum experience. This falls one step short
of graduating therapists who are competent to
immediately move into technology application
O (We37) § (Re23) 2(He7) B(M=11) 4 (N=a) S(3) 6(Ne1) . N
RER OF COURSES in practice.

SCORE(MAX®10)

D -~ N W sEUBO N W

Technology practitioners need to have two levels
of academic preparation: One is needed for stu-
dents to develop an introductory technology
knowledgc base, which covers the full range of
assistive and rehabilitation technologies being
used. The second is to facilitate the develop-
ment of practical skills. To do this, we have
found that students require additional intensive
training in a technology specialty area.

Performance by Numbder of Courses Texen - Gdjactive Tear

o353 888838388

SLOKE(MAX=100)

TechSpec is quite structured, and includes a
varicty of laboratory and lecture/dcmonstration
O 2 ey 5 €0 courses. The opportunity to discuss issues re-
garding the application of specific technologies,
however, has not been incorporated. More

- g i cs
Figure 2 scholarly. seminar types of courses are fcit 1o be
missing.

Subjects ¢ POST TEST - GRADUATING SENIDRS Adequate access to a variety of technology
equipment continues to tax even a campus
YoeSoee 58 which alrcady had substantial resources avail-
il able. Assistive and rehabilitation technologies
SCoREIAX10) require sufficient hands-on cxpericnces for stu-
dents. This has been difficult to coordinate with
the rcscarch and clinical services using the
technologies.

The TechSpec program described is a 2-3 year
program. This provides time for students to
integrate the tcchnology they are learning, but
the educational experiences at times scem
shallow, as they sprcad over this extended time
period. Thas, we have noticed that both a
e minimum level of intensity and a minimum time
14 tet7 frame are required to optimize the quantity and
quality of knowledge being conveyed and
intcgrated.

Objactive POST TEST - GRADUATING SENIORS

8885838381883

SCOREIMAR100)

3

Thesc problems stimulate scveral ideas for solution.

-3

*  Institutionalization of technalogy training at an
undergraduate level during basic rchabilitation,
special education, and engincering professional
programs. Thesc programs should be oriented

Discussion

The program has identified several problems which

cemerged over the first years of the program. These as technology minors, with the intent to Icad

have stimulated suggestions about the ficld's current students toward more specialty technology

nceds in technology training, Scveral of the needs and training later,

suppestio < hric sscribed here,

suggestions arc bricfly described here Availability of master's level technology training
programs for individuals who alrcady have a
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background in disabilitics, rchabilitation and
education.

Inclusion of two practicum experiences; an
observation-oriented introductory experience,
and a mere iatense, lengthy practicum
experieace (6-9 months of full-time work).

Implementation of innovative access to technoi-
ogy equipment. 1deas include video types of
coursework, computer-assisted education sys-
tems, and training equipment loan systems.

Application of training over a 2-3 year program,
but with an adequate intensity of learning expe-
riences throughout the time period. This is
consistent with the graduate program model.

Linking of training prosram design to ongoing
quality assurance and certification efforts in the
field.

Many of these points scem to indicate that more tech-
nology training is better. They also suggest that, as a
field, we may be under-estimating the education re-
quired to produce competent technology practitioners.
For the technology specialist, this has seemed to be
true.

On the ocher hand, there does seem to be an important
role for technology training programs, such as
TechSpec. A solid introduction to technology. to ac-
Guaint students with potentials of technology, seems
imperative. Rehabilitation therapists, special educa-
tors, engineers, and others need a basic understanding
about the vse of assistive ard rehabilitation technology
for persons with disabilitics. Programs which do this
provide the foundation for competent technology spe-
cialists who might attend master's degree technology
programs or subsequent intensive technology training
programs which then focus on specialty arcas in
technology.

Acknowledgements

Support for this project has been provided in part by
Grant #HG29F80083 from the Office of Specia! Educa-
tion Programs, Personnel Preparation, U.S.
Department of Education.

Roger O. Smith

Trace R&D Center
S-151 Waisman Center
1500 Highland Avenue
Madison, W1 53705-2280

RESNA 14th ANNUAL CONFERENCE + KANSAS CITY, MO. 1991

83

PAFullToxt Provided by ERIC




DEVELOPMENT AND OPERATION OF A NATIONAL INFORMATION DISSEMINATION PROGRAM:
ONE REC's EXPERIENCE

Jeanne O'Malley Teeter, M.B.A., Geoffrey B. Thrope
FES Information Center
Case Western Rase.ve University, Cleveland, Ohio

. ABSTRACT : Our emphasis thus far has been to develop a strong
. base which can readily support the ongoing
Each Rehabilitation Engineering Center (REC) maintenance activities critical to an information
sponsored by the National Institute on Disability and dissemination program.
Rehabilitation Research (NIDRR) has responded to
NIDRR's mandate for information dissemination with an METHODS
individual approach. For most REC's, including ours,
information dissemination was a new focus, requiring 1. Conceptual Approach
much in the way of start-up activity. The response of
our REC was a full-fledged, national information center. The NIDRR provided the REC's with specific details
Two years and one thousand requests later, we share about *what* type of information was to be
the methodology of our approach and our experience to disseminated and to *whom®. It was up to the REC's
assist others involved in start-up information to determine *how* best to accomplish that. Of the
- dissemination activities. ‘¥e report our progress, numerous possible responses, we opted for a
- focussing on the challenges of obtaining an optimal proactive approach which included the concept of a
balance between development and service delivery *national® information center, offering 1-800 telephone
activities. access and providing detailed coverage of
international research activities in FES. To enhance
BACKGROUND the objectivity of our program, we positioned the
Information Center as a stand-alone entity, distinct
In 19887, the NIDRR, recognizing the importance of from the REC. To further enhance our credibility, we
- information exchange in enhancing the development of aligned ourselves with the Independent Living Center
assistive technology products and services, adopted a in our area- an organization with much expertise in
policy mandating that it's REC's sponsor formal information brokerage. This approach was particularly
information dissemination activities. Historically, the effective in our case because it gave us a high profile
dissemination activities of most REC's was limited to reputation for objectivity which vsas lacking in the field
technical presentations or publications such as tormal at the time. It also made us more accessible to
papers and progress repornts. While such dissemination outsiders with FES expertise aside irom that of our
activities were useful, NIDRR's primary concern was that own REC. Finally, the 1-800 service provided disabled
specific information be made available to persons with consumers with immediate access to FES information
disabilities in a useful format. As the stand-alone which was previously available to them only via
cohduit for information dissemir:ation activities at our supermarket tabloids and TV talk shows.
REC, we established the FES Information Center in
December of 1988. The mission of the FES Information II. Operational Approach
Center is to serve as the national resource for
information on Functional Electricat Stimulation (FES) Operationally, the Information Center concept was
technology, providing an objective representation of the challenging to implement. Although the objectives
— status of FES and participating in the development and were clear, the *Catch-22's* of information
' evaluation of FES products and services. dissemination became apparent to us early on. For
example, how do you know what information is
OBJECTIVE important to collect, unless you know what kind of
. information people will request? And how do you
N Inits 1987 Request for Proposals for Rehabiltation know what kind of information people will request,
- Engineering Centers, NIDRR provided gzneral objectives without giving them the opportunity to do so?
_ ) for each REC. In our case, we were asked to Centainly, a thorough market research analysis would
accomplish three tasks during our five year tunding provide most of these answers, but would also be time
3 cycle: consuming and costly. We adopted a paralle! strategy
whereby we address each objective simultaneously,
h 1) Develop and maintain a comprehensive information fine-tuning our operations as we learn by experience.
base on FES. We felt comfertable with this strategy, primarily
2) Disseminate the information in an accessible format because cumpetition was not a big factor in our
to persons with disabilities, clinicians, Independent marketplace.
Living programs, counselors, third party payers,
rescarchers, and manutacturers. Collection. The start-up collection sirategies we used
3) Coordinate the collation of research data among were conventional, yet effective. Our inclusion criteria
FES investigators, including related product has evolved along the way. We started with the
information. personal libraries of our REC colleagues and added to
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NATIONAL INFORMATION DISSEMINATION PROGRAM

that information collected via a mail survey to
professionals in the field. We also utilized the
Independent Living Center for gathering general
resource information of interest to individuals with
disabilities. Our ongoing collection activities include
regular scanning of printed and on-line sources. Due to
resource constraints, we deferred our original plan to
expand our collection which called for citation analysis.
Our current collection consists of over five thousand
references, many of which are physically available on
site.

Organization. Our parallel approach required that we
have the ability, early on, to sufficiently catalog and
organize incoming Information. Therefore, we selected
commercially available, yet customizable, database
software for computer access. We contracted with an
information scientist to set up our cataloguing and
taxonomy schemes, making use of local focus groups o
supply end user input into the process. Our reference
materials are filed by identification number in color-
coded folders. This system works well for access and
retrieval.

Format. We primarily provide printed output to our
clients in the form of bibliographies, reprints, and
Information packets. Audiotape versions of our in-house
publications are available and we have a smalt library of
videotapes. It is clear that most of the readily available
Information on FES is not in a format that is ideally
suited to the lay consumer. We plan to study the
particular needs of this lay consumer group in more
detail through a separately funded project.

Access/Dissemination. Initially, access to our center was
via our 1-800 telephone service or tha U.S. mail. We
have since added TDD, FAX, and an electronic bulletin
board system (BBS). The dissemination methods are
identical, with the addition of express mail provided at
the client's expense. Although our original plans cailed
for actual dissemination of our computer database,
accomplishment of that objective has been postponed
indefinitely. It is a task which requires resources not
currently available to us.

Client Tracking. The only database that we developed
from scratch was our Client Tracking System. We
contracted with a computer prograrnmer to implement a
system that would allow us to record, classify, and
respond to client inquiries. The system generates
statistical reports of our request activities, useful for
funding agencies, and is also used to maintain our
mailing list. Due to resource constraints, the system
was developed before we had much information and
referral experience. At this time, it could be made even
more useful with some enhancements.

DISCUSSION

There are many issues surrounding the development
and operation of an information dissemination
program; some are typical and others are program
specific. One major issue for us has been juggling
resource requirements in the face of fluctuating client
demand. Demand peaks are typically not predictable,
and are directly related to promotional activities at the
national level. Such activities, though welcome, are
often initiated by other organizations without our
knowledge or advance notice. We have found that
media coverage of FES activities can also be a doutle
edged sword. While media coverage does promote
awareness, it often results in public biases that are
difficult to remove and take a significant amount of
time to resoive. Anocther issue in the provision of
information services is consumer involvement.
Consumer input has been an invaluable resource to us
in the development of our service offerings. It is
available to us through our daily contact with
consumers, through the independent Living Center,
and through consumer information exchange forums.

Performance evaluations are always an issue in
information dissemination programs. We are
convinced that the utility of perforrnance information is
always changing as a program grows and develops.
In our case, we have found that at this stage,
performance parameters such as volume of requests
received and staff time required to respond are
perhaps more important than such measures as turn-
around time. Finally, determining how to ensure long-
term financial support for an information dissemination
program is an issue for every information
dissemination program. To relieve the Information
Center's reliance on grant related funds, we intend to
explore corporate sponsorship of our activities and will
attempt to further leverage our existing relationships
with interested organizations.

ACKNOWLEDGEMENTS

This project is supported by the Nationat Institute on
Disability and Rehabilitation Research. The FES
information Center Is affiliated with Services for
Independent Living, Inc.. The authors acknowledge
the assistance of Barbara Pausley, Ph.D. and Kevin
Beck Software.

FES Information Center
10524 Euclid Avenue
Cleveland, OH 44105
1-800-666-2353

RESNA 14th ANNUAL CONFERENCE < KANSAS CITY, MO. 1991

85

Q

ERIC

PAFullToxt Provided by ERIC




TECHNOLOGY TRAINING:

RESOURCES FOR THE TRAINER

Susan E. Elting and Nancy L. Meidenbauer
Center for Special Education Technology
The Council for Exceptional Children
Reston, VA

ABSTRACT

As part of its technology training theme,
the Center for Special Education Technology
has developed several information products
to assist trainers in planning and con-
ducting training programs. It has also
established a naticnal trainer network to
provide support for the isolated tech-
nology trainer.

BACKGROUND

The Center for Special Education Technology
is a national information center funded by
the U.S. Department of Education, Office of
Special Education Programs. A major com-
ponent of the Center'’s services is its
indepth focus on identified themes in
speclal education technology. Technology

training is one of its current information
thenes.

fraining was chosen as a theme because the
need for information about training is
great. The rapid increase in the number of
devices and microcomputers has created a
shortage of trained personnel. If tech-
nology is to continue to be successfully
integrated into the curriculum, then
careful attention needs to be paid to the
trainfng of classroom teachers, related
service personnel, and early intervention
speclalists. Lack of sufficient technology
training may. in fact, impede effective
classroom use of technology.

DEVELOPMENT OF TRAINING RESOURCES

In June 1990, the Center conducted a
National Forum for Technology Trainers as
the kick off for the technology training
theme. Forty-five expert trainers attended
this invitational meeting to discuss issues
and concerns regarding infusing technology
in training programs. Several trainers
presented models they use for organizing

and implementing inservice and preservice
training.

Specific training resources have been
developed based on recommendations from
individual trainers, advisory board
deliberations, and planning committee
input. To date, the Center has developed a
series of publications which it hopes will

assist trainers plan and conducc technology
training programs.

It has also established a support network
of trainers to foster the exchange of
information among professional trainers.
Information gathered at the National Forum
meeting has been Incorporated into the
various training resources developed by the
Center.

Publications

Videotapes, software, curriculum guides,
and textbooks that might be used for
special education technology training are
listed in the Directory of Technology
Training Materials. Materials encompass
awareness toplcs, how to use specific
hardware devices and software programs,

applications of computer technology in the
classroom, and assistive technology access
to learning topics.

Two guides provide practical how-to infor-
mation. The Trainer’s Resource Guide:
Program Planning Ideas includes a
discussion of Ywow to design a training
program, descriptions of models of several
inservice and preservice training programs,
and frank first hand accounts of lessons
learned from those who implemented the
programs. There is also a summary of
various published technology competencies.

The frainer's Resource Guide; Training
Materials Design Guidelines offers helpful
hints for trainers wishing to design their
own training materials. Systematic design
and planning are stressed. Many guidelines
are included with more publications
referenced. Desktop publishing programs,
presentation software, and CAI and IVD
authoring software recommended by expert
trainers are listed.

The Comprenensive Assistive Technology
Cuarriculug Qutline: u onal Student-
Centered Approach looks at technology use
as 1t relates to the skills students need
in school, to aid hearing, speaking,
writing, and reading. This outline can be
used by trainers to structure workshops or
augment existing courses. Topics are
organized in modules.

Training that commercial producers provide
is examined in the Fall 1990 issue of the

Center's The Marketplace: Publishers/
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Technology Training Resources

Producers An Important Link to Technology
Training. It includes examples of how
commercial producers are providing training
and technical assistance to their clients.

The Center has compiled a Resource
Inventory of University-based Technology
Training Programs. This listing summarizes
the programs by state. Codes indicate the
type of degree granting special education
program for each institution, as well as
how training is presented (e.g., course,
independent study) and topics of
instruction (e.g., assistive technology,
instructional uses of computers).

Networks

The Center has newly established a trainer
network for university-based trainers and
is attempting to create another network for
inservice trainers. Members of the uni-
versity-based trainer network tend to be
isolated practitioners, infusing tech-
nology within existing courses at their
respective institutions. Menbers receive
new information products from the Center.
They also have access to the other

trainers in the network for mutual support
and encouragement. There are plans to
bring network members together at national
and regional meetings and via audio
conferences.

SUMMARY

Technology training will remain a critical
need for professionals working with special
education students. It is only by acknow-
ledging this need that resources can be
amassed to address this need.
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MSDOS-ABLDATA: An MS-DOS and screen reader compatible program
for retrieving information from ABLEDATA

Alan VanBiervliet & Gail L. Cox
Center for Research on Teaching and Learning
University of Arkansas at Little Rock
Little Rock, AR

Abstract

MSDOS-ABLEDATA was developed in order to pro-
vide easy access to the public domain ABLEDATA
database for persons who use computers with the MS-
DOS operating system. MSDOS-ABLEDATA was
designed to be compatible with screen reading soft-
ware which willenable the program to be used by blind
and sighted individuals. PC-ABLEDATA uses asimple
menu structure to provide easy access to the desired
data. The program incorporates most of the features of
Hyper-ABLEDATA, including modified Boolean
searching, saving and printing records, recording per-
sonal notes, and automatic letter gencration.

Background

P.L. 100-407, the Technology -Related Assistance for
Individuals With Disabilities Act of 1988, has resuited
in an increased awareness of the importance of the
dissemination of accurate ' «formation about assistive
technology to consumers and professionals. One solu-

tion to meeting this need has been the creation of
dozens of assistive technology information services
throughout the U.S. One of the most popular compo-
nents of these services is the Hyper-ABLEDATA
system. The Hyper-ABLEDATA system contains the
entirc ABLEDATA rehabilitation and assistive tech-
nology database in a user-friendly format (Smith.
Vanderheiden, Berliss, and Angelo, 1989). Valuable
features of a distributed database like Hyper-
ABLEDATA are low cost, case of use, and wide
availability.

Problem

Hyper-ABLEDATA version 2.0 includes voice access
capabilities and an excellent built-in help and training
system. Currently, it is compatible only with the
Macintosh computer which presents some access
problems for persons who are visually impaired and
experienced with the MS-DOS system and screen
reading programs. The OutSpoken software program
combined with the Mac’s built in screen enlarging
capabilities (i.c., Close View) greatly improves access
to the Mac’s graphic interface. However, a wide vari-
ety of barriers still exist, for example, OutSpoken
currently does not work with HyperCard files or stacks.

Design

MSDOS-ABLEDATA is designed to operate any MS-
DOS-based computer with at least 640k of RAM.
MSDOS-ABLEDATA uses the approach of a “current
list of records”. The operator can create a new list that
is based on the type of product, product name, or
manufacturer’s name. The operator can also save any
list that he/she created and edit or print the list at a fater
time. MSDOS-ABLEDATA uses a layered menu
structure to provide easy access to the desired informa-
tion. Four basic menusare used tocreate and manipulate
each list, these are: List Creation/Selection, Product
Type Outline, List Management, and Special. Menu
items can be selected via cursor keys or by typing the
first fetter of the desired menu item. The menu can be
terminated by selecting the EXIT selection or by
pressing the “ESCAPE” key. Allmenus in the program
operate in a similar manner.

When searching for a type of product, a screen appears
that provides an outline of general product types. The
operator can select one of these categories either by
cursor or by entering enough characters to make the
selection unique. The screen will clear and the selected
category will appear at the top of the screen and all
applicable subcategories will be presented as before.
This process continues until either the operator presses
“F2" or the end of the outline is reached. When an
outline category contains sublevels, it will be followed
with a “+” character. When this process is completed,
the List Management will be presented.

When searching for a manufacturer or a particular
product by name, the operator is prompted to enter the
desired name. Partial or whole names are acceptable
entrics. The selected record will then be displayed on
the screen.

The List Management menu provides the operator
with the number of records that have been selected and
provides options tc further restrict the current list.
Three basic Boolean operations are available to nar-
row the list, these are “and™, “or™, and “not”.The “and™
option allows the list to be narroved by eliminating
records thatdo not contain both text strings listed in the
arguments. The “or” option eliminates records from
the list thatdo not contain at leastone of the text strings
listed inthe arguments. The “not” option will eliminate
records from the current list that do contain the text
string listed in the argument. The operator can also
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climinate products from the current list that have been
discontinued by the manufacturer. The operator also
has the option to save the current list for further
reference or printing.

The Special menu provides the options for notes,
printing formatted letters, and saving the current list.
Personnel notes or comments can be attached to any
record. Examples of notes could include a listing of
local representatives or vendors for a particular prod-
uct. A customn letter can be automatically printed tothe
manufacturer or the inquirer. The current list can also
be saved to disk in a text file, perhaps for printing at a
later time, or an unformated file can saved for use with
a Braille translation program.

Evaluation

At periodic points throughout the development of
MSDOS-ABLEDATA, experienced computer users
who use screen reading programs to access digital
information were consulted regarding the operation
and features of the program. These hands-on tests led
to a number of design improvements. MSDOS-
ABLEDATA is currently undergoing a systematic
evaluation in preparation for muld-site field testing.
An important test that is underway is to comparing the

- tirne identical searches take using Hyper-ABLEDATA
and MSDOS-ABLEDATA. These tests are also com-
paring the lists of products found using the same search
criteria.

Acknowledgement

This work was funded by the National Institute of
Disability and Rehabilitation Research (NIDRR).
U.S.Dept. of Education, Grant # H224A90020-91.
The contents of this publication do not necessarily
reflect the views of NIDRR, USDE, and do not
imply endorsement by the U.S. govemment.

References

1.  Smith, R.O., Vanderheiden, G.C., Berliss,
J.and Angelo, J. Creating and testing an effective
design for a desktop version of ABLEDATA.
Proceedings of the 12th Annual Conference on
Rehatilitation Technology, New Orleans, 1989.

Alan VanBiervliet
Center for Research on Teaching and Learning
University of Arkansas at Little Rock

2801 South University
Little Rock, AR 72204

&9

RESNA 14th ANNUAL CONFERENCE -+ KANSAS CITY, MO. 1991

Q

ERIC

PAFulToxt Provided by ERIC




Q

FRIC

Aruitoxt provided by Eic:

UTILIZING TECHNOLOGY
IN THE
VOCATIONAL REHABILITATION PROCESS

Anthony J. Langton
Center For Rehabllitation Technology Services
South Carolina Vocatlonal Rehabititation Department

ABSTRACT

Use of assistlve technology resources and services within
vocational fehabilitation programs was analyzed. A study
group consisting of rchabilitation case management staff and
technology specialists identified key decision points and service
activities to determine where technology services should be
utilized. Nine TECH POINTS were identified and are bricfly
explained. Additional considerations for further work are dis-
cussed.

BACKGROUND

Dectermining vocational potential remains one of the most
challenging and important aspects of rchabilitation services.
Vocatlonal rehabilitation counsclors are expecied lo make
eligibility decisions and determine if an individual has a “rea-
sonabie expectation” to benefit from rehabilitation services.

Rehabilitation engincering technology must play a key rolc in
this process. Technology resources can be beneficial o a jarge
number of rchabilitation clients, particularly those individuals

with severe disabilitics. Although widely acknowledged as
important, little in the way of a systemalic stralegy on how to
integrate izchnology into the rehabilitation services process has
been presented.

Mandates for use of technology

The 1986 Amendments to the Rehabilitation Act, Public Law
99-508. for the first time specifically mentioned “rehabititation
engineering” as a service which should be made available.
With passageof Public Law 100407, The Technology-Related
Assistance for Individuals with Disabilitics Act of 1988, the
federal governmient cchoed 1ts recognition that all people with
disabilities can benefit from technology ( American Rehabili-
tation, 1990).

Earlier, in 1973, passage of the Rehabilitation Act Amerd-
ments directed vocational rehabilitation programs lo initiate
programming designed to focus services on the needs of those
individuals withseveredisabilitics. The Rehabilitation Services
Administration (RSA) has continued to make it clear that
rehabilitation engineering technology is an essential resource
needed for the severely disabled and other rehabilitation clients
(RSA, 1990).

Vocational Rehabilitation Process

Scrvices delivered through vocational rehabilitation agencies
follow standardized case management procedures. Compre-
hensive rehabilitation services are comprised of a large number
of sequential activities which are individualized to meet the
needs of specific clients. Figurel illustrates the overall voca-

tional rehabilitation process. Technology and technology
related services are, or should be, an important part of many of
these activities.

PROBLEM

The use of technology resources within the rehabititation
process remaing limited. Technology and technology related
services have yet to be rlearly defined by many vocational
rehabilitation agencies.  «en the technology services which
are provided are not eftectively integrated into regular case
management activities. When utilized, rehabilitation engi-
neering services are most commonly considered during
placement activities in the latter stages of the rehabilitation
process (IRI, 1986).

Case managzment staff often do not have a sufficient under-
standing of when or how technology should be utilized. Asa
result technology resources are often notconsidered. Individuals
who may have vocational potential could be determined to lack
cligibility because the capability of technology to reduce
handicapping conditions and increase performance is not
considered.

METHODOLOGY

Although vocational rehabilitation programs differ in their
resources and specific policics, they operate within the same
guidelines and generally follow similar procedures. This
project looked at the overall rehabilitation process to develop
a method(s) to better integrate technology services. A study
group of rehabilitation case management staff and technology
specialists met to determine when and where technology
resources should be utilized. Findings from this group were
then compared with VR case status activities.

RESULTS

Nine separate places in the rehabilitation process were identified
where consideration of the use of technology or technology
related services should take place. These points eachrepresent
decision points where technology resources/services could be
recommended or phases of ser-ires where technology resources
could be appropriate.

TECH POINTS

The TECH POINTS arc bricfly outlined indicating questions
or considerations that shouid be made regarding the possible
application of technology services. Reference is given to VR
case status numbers, such as (02), where appropriate. Figure
1 also shows locations of thc TECH POINTS withinthe overall
rehabilitation process
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Flow Chart

Initial Referral (02). During preliminary
contact with individuals secking rehabilitation
services counselors should question whether
technology resources could be of bencfit. This
should include communication, mobility, envi
ronmental control, work station adaptations or any
other aspect of assistive technol-Ry. Individuals
should not be deniedservicesorrejerredelsewhere
without a basic technology consultation. This may
require scrvices of a rehabilitation engincer or
other technology specialist.

N

TECH POINT
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TECH POINT
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TECH POINT
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Evaluation phase : Can this individual be
evaluated with standard assessment procedures?
Will iny accormmodations be neededtothoroughly
asscss Lhe individuals capabilities and effectively
determine vocational potential? Assistive alds and
devices for communication, mobility, manipula-
tion, writing and other task performance should be
available as part of the evalustion. Individuals
nocding in depth technology assessments should
be referred for extended eveluation.

Extended Evaluation (06): Resources of a
technology team should be availablc to provide
specialized technology assessments. Technical
assistance from rchabilitation engincers or other
technology specialists should be svsilatle as
necded. Determination of “reasonable expecta-
tion" should include consideration of technology
resources.

Closed Non—feasible (08): Prior to being de-
termined ineligible, the functional problems en-
countered and the utilization made of assistive
technology resources and services should be indi-
cated  Consull with the Technology Team
should be done prior o closure. Information from
this consultation should be sent with referral to
alternative resources or for considerations for in-
dependent living services.

Plan Development (10): The IndividuallyWriten
Rchabilitation Plan (IWRP) should identify as-
sistive technology and t.chnology related ser-
vices necessary to achieve vocational goals.
Documentation of specific types of services
needed and equipment options for consideration
arc nccessary.

Planned Services (14,16,18): Technology
resources or services necded to complete training
or physical restoration should be provided. Ac-
cotnmodations are likely to be necessary forschool
activities or independent living issues. Access to
archabilitationengineer orother Technology Team
members should be available for problem solving.

Placement Phase (20): Whattechnology needs
arc there for placement? Accommodations needed
are likely to include work site modification, inde-
pendent living assi: , custom equip de-
velopment, transportation/mobility, etc. Problem
solving as well as fabrication resources would
need to be available. Access to the Technology
Team or individual technology specialists would
be required.

Follow-up (22): Follow-up should b pro-
vided on the performance of specific assistive
aids/devices or work site accommodations made.
During trial placement periods, problems (if any)
should be identified and deterrnination of need for
technology support resources made. Site visit 5y
technology specialist may be necessary.

Post Employment Services (32): Support
should be provided for maintcnance or repair of
aids or devices. Arrangement for replacement of
cquipment or provision of technical assistance
should be available.
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CONCLUSION

The integration of TECH POINTS within the case rmanagement
process shoutd enable vocational rehabilitation agencies to better
identify when they should use technology services and more
accurately determine what technology services their clients need.
Development of specific questions and procedures at each point
will depend on resources available within particular vocational
rchabilitation programs. Tracking of technology resource/service
activity at each point will enable programs to more effectively
evaluate its benef..s and cost—effectiveness.

The following information summarizes additional considerations
which should be takeninto account whenimplementing the“Tech
Points* approach:

Key Decision Points

In all rehabilitation programs the delivery of rehabilitation ser-
vices reliesheavily onthe capability of the vocational rehabilitation
counselor to work with the client to identify feasible goals and to
develop a workable plan to achieve these goals. Critical decisions
during the evaluation, individual written plan development and
work readiness phases of the rehabilitation process were identi-
ficd as primary points where technology resources should be
emphasized.

Continuous Process

The problem solving and support available from technology
services should remain available throughout the rehabilitation
process. The identification of specific “check points” was devel-
oped as a way 10 assist case management staff in monitoring the
utilization of techniology. ft is important that technology services
and resources be considered anytime during the rehabilitation
process.

Population Considerations

Decisions on the use of technology obviously must depend
primarily on the specific needs of the individual. Depending on
the nature of a person'’s disability and functional limitations, the
need and scheduling of technology intervention will vary. While
not as obvious, utilization of assistive technology with non-
physically disabled populations may still be necessary depending
on functional limitations.

Role of Staff

Delerminirg whether technology resources should be utilized
remains primarily the responsibility of the vocational rehabilita-
tion counsclor. As case manager, the rehabilitation counselor
needs 1o have, 1) a basic understanding of assistive technology
and 2) access 1o technology support staff. Utilization of rcha-
hilitation engincers or other technology specialists as part of a
“technology tcam™ should be available to assist at these various
points.
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Time Frames

Availability of technology support staff and tum around time aie
important variables in the successful integration of technology
services. Response time to requests should fall within the agency
guidelines for length of time which individual clients normally
remain in particular statuses. Utilization of extended service
options may be necessary.

Need for Training

Developing a general awareness of assistive technology for all
case management is important for the TECH POINT approach to
be successful. Specific training materials describing questions to
be asked and resources available will also be necessary.
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COOPERATIVE SERVICE DELIVERY: A COST-EFFECTIVE STRATEGY

Lydia S. Gaster, Anthony J. Langton and Lawrence H. Trachtman
Center for Rehabilitation Technology Services
South Carolina Vocational Rehabilitation Department
West Columbia, South Carolina

ABSTRACT

Delivering assistive technology services requires an extensive,
investment of staff and equipment on the part of individual
agenciesand programs. The Center for Rehabilitation Tecanol-
ogy Services has designed a service delivery model to reduce
the costs incurred by individual programs. Cooperative agree-
ments between a host and a number of affiliate programs were
used toestablish the base for acomprehensive assistive technoi-
ogy clinic. Projected cost comparisons indicate this approach
will reduce costs to individual programs by as much as two-
thirds or more. Additional incentives for participating include
staff training opportunitics, access to atechnology tcam and the
opportunity o utilize assistive aids and devices.

INTRODUCTION

The ficld of assistive technology constantly struggics to over-
come reimbursement problems related to services and cquip-
ment costs. The high cost of experienced clinicians and
engincers coupled with assistive technology’s labor—intensive
nature prevents many agencies from providing such programs.
An assistive technology cooperative provides a potential solu-
tion to this dilemma. Such an organization may consist of
several arca agencies and health care facilitics sharing the
cxpenscof assistive technology services. By joining acoopera-
tive, a facility can access assistive (schnology services for less
than a third of the cost of starting and supporting a program on
its own.

The Greenville Assistive Technology Cooperative (GATC)
located in Greenville, South Carolina, provides an exampic of
such a cooperative. The cooperative consists of several health
care facilities, the local school system, the Easter Scal Socicty,
Vocational Rehabilitation, local medical cquipment dealers
and the Department of Mental Retardation.

BACKGROUND

The Greenville Assistive Technology Cooperative was orga-
nized as a project to study alternative service delivery systems.
South Carolina’s Picdmont arca was chosen as the test site
becauscit possesses the state's highest concentration of assistive
tcchnology cxpertisc. Many of the “grass roots cfforts™ to
providc assistive technology services started in thisregion. The
Cooperative will be replicated in South Carolina’s remaining
three regions: Midlands (Columbia arca), Pec Dee (Florence
arca) and Low Country (Charleston arca). As seenirnFigurel.,
these cooperatives will form the hub of ¢ach region’s service
delivery activity and together provide statewide coverage.

( Piedmont ‘
> -’
N
\J
\

Figure 1. Regional Service Areas

Prior to the Center for Rehabilitation Technology Services’
cfforts, little had occurred to develop and cxpand assistive
technology services. Service provision in the region has been
fragmented at best. Programming within individual agencics
was frequently delivered by staff with limited specialized
training in assistive technology. Thosc programs with staff
who had specialization in arcas of assistive technology were
limited in most cases by availablc resources.

The Cooperative’s cvolutionary process has taken many turns.
Extensive ground work was requiredto “sell” theconcept tothe
various supporting agencics. Differences in missions and
unique problems produced many issucs requiring individual
attention. It was vital 1o understand cach agency’s financial
structurc and mandate so that itmay “profit” by being affiliated
with the Cooperative. For cxample, some agencies can bill
third-party payors for the services they buy through the Co-
operative; others benefit because they pay less for assistive
technology services through the Cooperative.

Host/Affiliate Relationship

A simple host and affiliate rclationship was proposed to inter-
csted programs and agencics. The “host” facility provides
spacc and opcerational support to the technology clinic while
contributing a limited amount of staff time as well. “Affiliate”
members contribute staff time and assistive technology
cquipment. Involvement as cither host or affiliale members
cntitles access to training resources and cquipment demon-
stration and try-out.

Local Ownership/Control

A fundamental concept emphasized from the onset was the
importance of gaining a commitment from local service pro-
viders. In order to foster this, a free standing advisory board
¢ *mpriscd of representatives from cach participating program
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and agency was implemented with authority to monitor the
technology clinic operation. Initiation of non-profit status was
also begun to cnable the Cooperative to remain flexible and
possibly scek outside funding from alocal foundationor service
club.

Coordinator Position

Implementation of the technology clinic portion of the Coop-
erative required immediate availability of a “coori~ator” to
attend to specific details such as scheduling, locating funding,
marketing, and team coordination. While it would have been
desirable for this individual to have their own technical exper-
tise it was felt that it was more important that this person be
knowledgeable of overall service delivery and funding aware-
ness. The technical skills necessary for clinic operation could
be provided by staff from host or affiliate members.

METHODOLOGY

Several steps led to the Cooperative's development. The first
step was to create an advisory board consisting of individuals
from various communily agencics. This was crucial as the
cooperative’s success hinged on a commitment from adminis-
trative personnel within the member agencies. Anintegral part
of the advisory group included direct consumer répresentation
to incrcase awarcness of consumer nceds. Next, the
Cooperative's basic structure emerged through numerous advi-
sory board meetings. A “host” facility was sought as the site for
the clinical activities. Once the host facility was established
other programs and agencics became participating “affiliates.”
Much of the financial support for start-up activitics came as in~
kind support from the host and affiliate agencies. The Center
for Rehabilitation Technology Services (CRTS) served as the
catalyst for the development of the project.

Cooperative Agreements

Devcloping specific cooperative agreements for each partici-
pating program was an important stcp. Representatives from
host and affiliate programs provided extensive input into the
development of these agreements. Despite initial expressions
of support from programs and agencics, considerable questions
surfaced when each participant was faced with a written agree-
ment requiring staff and resource commitment. It became
necessary 1o set gencral participation guidelines and to “tailor”
these agreements to address individualized needs. This flex-
ibility and need to “negotiate” proved critical 0 initiating
services.

Service Parameters

Sclection of what services 1o offer was influenced primarily by
the anticipated case of reimbursement. Services included
prescriptive and evaluative activilics in the areas of seating/
posilioning, environmental control, augmentative communi-
cation and computcr access. It was immediately realized that
capability for fabrication, development of custom devices, and
providing the full range of services would eventually need to be
included. Expansion will be aucmpted once a stable service
base is in place.

RESULTS

Cooperative activitics were initiated in January 1990. Partici-
pants in the Cooperative included:

Host Affiliates
Other steps crucial to the Cooperativc's organization included
wrilten cooperative agreements. formal development of a Greenville General Hospital — +Center for Developmental
governing board, obtaining non—profit status, the development Pediatrics
cof revenue—preducing activities and marketing and outrcach (Greenville Hospital System) +Greenville County Public
activities. Schools
Participating Members *Roger C. Peace Rehabilition
Delivering comprehensive assistive technology services re- Hospital . .
quired access to staff with varying areas of experiise and +SC Vgcauonal R‘clllab.lhuon
specialized equipment. In identifying prospective members, *Amrican Rehabilitation
agencics and programs with resources benefiting the cooperative (DME)
as a whole were invited. Figure 2. shows the member types the *Carolina Homecare (DME)
cooperative sought. «Department of Mental
Retardation
*Center for Rehabulitation
*Technology Services
*Shriner’s Hospital
Progracs «Easter Scals Socicty
Figure 2. Assistive Technology Cooperative
Members
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Projected Cost Comparisons

Preliminary cost analysis underscores the potential of the
cooperative to be a cost effective model for delivering assistive
technology services. Significant personnel (labor) and facility
(rent) savings can be realized through the advantage of a
cooperative arrangement. Figure 3. shows the projected
monthly costsavings of the cooperative modelover atraditional
service delivery model,

§
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B Model

[T FrTee |

§

Cooperative
Model
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Labor

Rent Other Costs

Figure 3. Projected Cost Comparisions

Figure 4. shows the comparison of contributed value between
the host and the affiliatcs. The host portion of the graph repre-
sents office space and staff contribution. The affiliate portion
indicates staff and cquipment contributions.

Affiliate
(] Host

41.3%

Figure 4. Affiliates and Hosts

DISCUSSION

Acooperative model is proposed as away to provide financially
feasible, low-volume services requiring a highdegree of exper-
tisc. A coopcrative can work as long as the benefits outweigh
the costs of affilistion. Any stafftime donaled by affiliates must
be counter-balanced by some amount of financial recovery or
staff raining. Cooperative affilistion mustalso be perceived as
a staff recruitment tool and should produce positive public
relations. Participation should also offer member agencies
access 1o skilied professionals difficult to recruit such as rcha-

bilitation engincers and other technology specialists. When the
proper balance is struck,a cooperative may be one solutiontothe
financial problems plaguing most service delivery programs.

One important factor that must exist in the early stages of a
cooperalive is the availability of a "facilitalor” to pull the various
programs and agencics together. This type of delivery approach
depends on a significant contribution of time on the part of staff
from a key program, in this casc the Center for Rehabilitation
Technology Services, for the concept to be "sold” to interested
groups. Asnoted withthe Hasbro-Alabama Positioning Network
(1989), it is imperative that this leadership responsibility be
provided in order for implementation to be successful.

CONCLUSIONS

Itis wo carly to draw any firm conclusions or 1O predict whether
this approach will be successful in the long run. Prcliminary
indications reveal that the concept. although simplistic and new
10 assistive technology, offers sufficient meritfor consideration
as an alternative delivery model.
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Development of a Model Rehabilitation Engineering Program

Rory Cooper, Al Cook, and Tom Grey
Rehabilitation Engineering Program and Assistive Device Center
Department of Electrical and Electronic Engineering

California sState

ABSTRACT

For years innovative health care
providers and persons with
disabilities have selected,
modified, and developed
technological devices to meet
the needs of persons with
disabilities. These people are
still invaluable to the
rehabilitation process; however
with the increasing complexity
of technology and the potential
benefit to persons with
disabilities there is an
increasing need for formal
training of rehabilitation
engineers.

Background

The enactment of two Federal Laws
(PL 99-506 and PL 100-407 in 1988)
as amendments to the Rehabilitation
Act of 1973 show that persons with
disabilities are drastically in need
of assistive technologies and are
not able to obtain them. Under these
laws each state vocational
reliabilitation plan must include the
provision for rehabilitation
engineering services. This
requirement should create a greater
demand for rehabilitation engineers.

Statement of the Problem

A recent State of California Report
(California Application, 1989)
estimates that at least 809,729
persons in California are in need of
assistive technologies, must of whom
have needs which are unmet or are
met inadequately.

Approach

We are developing a curriculum for a
rehabilitation engineer ing
concentration within our | 1omedical
engineering program which will lead
to an MS (Riomedical Engineering)
degree with a Certificate in
Rehabilitation Engineering. The
curriculum includes basic coursework

University, Sacramento

engineering (including
laboratories), research experience,
clinical experience, and fieldwork.
The curriculum provides a well
rounded program in rehabilitation
engineering with some freedom to
speciralize in one of several
specific areas of interest (e.g.,
wheeled mobility, seating and
positioning, augmentative
communication, computer access, or
robotics). This program includes a
formal clinical experience in
rehabilitation engineering involving
a wide variety of clinical and
programmatic environments.

Stipends are awarded to five (5)
students each year from project
funde. In addition, students are
supported as interns in the
Assistive Device Center, as research
assistants, and as teaching
assistants.

Course Work

Studen:s receive a balanced
educat..on in biomedical engineering
by taking courses in Bioengineering
Analysis, Bioelectric Phencmena,
Homeostatic Transport Systems,
Engineering Applied to Body
Materials and Fluids, and Human
Performance and Disability. Students
in the rehabilitation engineering
program take courses in
neuroscience, and systematic
physiology. An assistive technolgy
seminar addresses major issues in
rehabilitation engineering. The
students also perform research under
the guidance of one of the faculty
members and prepare a thesis for
submission to the faculty. To
recelve the rehabilitation
engineering certificate, in addition
to the M.S. (BME) degree, the
students must complete an internal
and external fieldwork in
rehabilitation engineering,
satisfactorily complete a course in
rehabilitatin engineering desiqn,
and successfully pass a
comprehensive examination or
rehabilitation e¢ngineecring

in biomedicil engineering, formal

: L principles and practices,
courses in rehabilitation
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Rehabilitation Engineering Program

The rehabilitation engineering
courses provide broad coverage of
rehabilitation engineering. Students
are introduced to assistive
technologies, assessment for
prescription and provision of
appropriate de'ices. They also
become familiar with human
performance engineering, the nature,
types and effects of disabilities,
and the role of assistive technology
in ameliorating disability in
computer access, communication,
environmental control and sensory
loss. The aspects of designing,
developing and manufacturing
assistive devices and technology for
mobility, transportation, and
maripulation (including robotics)
are presented in rehabilitation
engineering design. Soc:al,
political, legal, and present
research areas are discussed 1in the
assistive technolgy seminar. Experts
in rehabilitation and public policy
regularly make presentations to the
scudents and faculty in the serminar.

Assistive Device Center (ADC) Field
work

A major shortcomming in
rehabilitation engineering training
is the absence of a formal clinical
fieldwork experience. All of the
students in the rehabilitation
engineering program participate 11 a
one semester fieldwork rotation in
the ADC. Dv.ing the student's
internship at the ADC he/she spends
time working in each of the major
service areas: Wheeled mobility,
seating and positioning,
augmentative communication, computer
access. Weekly meetings are held to
monitor progress and answer
questions. &li students are required
to attend regular C.ient Services
meetings with the staff of the ADC,
which includes rehabilitation
engineers, occupational therapists
and speech and language
pathologists. This helps to foster
transdisciplinary approach.

After a student has huad some
experience in the ADC, he/she is

assigned to one or two clients. Each

student is responsible for ordering
the appropriate assistive technolgy
for their clients based on team
recommenddt ions. The student then
delivers the assistive technoloqgy,

makes any adaptions, and trains the
client and support team in its use.

External Field Work

Each student in the rehabilitation
engineering program participates 1in
a summer internship program in a
hospital, rehabilitation center, or
a community based center for
assistive technology. Students are
responsible for observing the
assessment of clients and the
evaluation of appropriate assistive
technologies, and they are exposed
to the administration of
rehabilitation engineering services
in each setting. Students rotate
through the various offices of the
agency, learning the
responsibilities of each of the
offices first-hand. Students again
experience a team approach to client
assessment and rehabilitation
engineering services.

Rehabilitation Engineering Field
Placement Training Manual

In order to formalize the fieldwork
training a Fieldwork Training Manuai
is being developed. The manual will
consist of seven major sections: (1)
Procedures used in rehabilitation
engineering services, (2)
Observation and interview skills,

(3) Assessment and evailuation
skills, (4) Reccmmendation and
evaluation of technology, (5)
Implementation of appropriate
assistive technelgy, (6) Training of
clients and other rehabilitation
professionals., and (7) Follow-up.

Faculty Guided Student Research

Each student is required to
participate in a faculty sponsored
state-of-the -art research project 1n
some area of rehabilitation
engineering. The student is expected
to make an original contribution to
the field of rehabilitation
engineering, and to learn basic
research methods. Student research
is supervised by faculty in the
biomedical engineering program.
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Implications References

The success of this prcgram will Californin Application (1989).
yield the following: ; : - -

1. A model program for the training R _ " o

of rehabilitation engineers which act. PL_100-407, CA.Stéte”lde
provides the necessary theory, brogram Lo make assistive technolay
clinical skills and available to individuals wich
research/development experience for disabilities", state of California:
successful practice in Department of Rehabilitation.
rehabilitation engineering.

Rory Cooper
2. A model structured and systematic Coordinator
fieldwork experience in Rghabl;ltatlon Engineering Program
rehabilitation engineering leading Biomedical Engineering
to the development of the pre- California State University
requisites for clinical practice in Sacramento, California 95819-6019
rehabilitation engineering.

3. A model research environment
which will foster research and
development skills in rehabilitation
engineering graduates and provide
the basis for future contributions
to this field.

Discussion

Our goal is to develop a
rehabilitation engineering program
that will produce effective
rehabilitation engineers. To this
end, we require students to learn a
number of skills, and we expose them
in a formal manner tc a variety of
rehabilitation engineering settings.
We teach students the
multidisiplinary nature of
rehabilitation engineering, and the
importance of working within a team.
The program is in development;
however, we are confident of its
eminent success.
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A COMPREHENSIVE REHABILITATION TECHNOLOGY
SERVICE DELIVERY MODEL
UTILIZING SPEECH RECOGNITION TECHNOLOGY

David M. Horowitz
Marilyn Lash
Rehabilitation Engineering Program
Department of Rehabilitation Medicine
Tufts University School of Medicine

ABSTRACT

A recently initiated comprehensive rehabilitation technology
service delivery model is presented. The intent of the model is
to increase the availability of reliablc and durable assistive
technology that addresses the complex technology-related needs
of individuals with disabilities. The model! brings to bear
important technological and industrial advances in specch
recognition, Speech recognition technology permits computer
access for individuals who can not use a standard computer
keyboard due to neuromuscular impairment. Traditionally,
individuals unable to access a computer keyboard were locked
out of the work force. Speech recognition techriology as a
computer adaptation provides the means to eliminate this
barrier. However, the mode! does not profess technology to be
the sole solution in rehabilitation. The model goes well
beyond the traditional approaches to applying spcech
recognition to rchabilitation which oficn results in the
purchase of the device but not employment. The model brings
together the skills of a University Based Rchabilitation
Engineering Program, the Statec Vocational Rchabilitation
Commission, and the State Project with Industry (PWI). The
collaborative cffort results in a program which matches the
strengths of clicnts with the cmployment opportunitics in the
state. Specch recognition technology provides individuals
with scvere disabilitics with the necessary means to access a
computer in order to utilize their skills to accomplish a job.

BACKGROUND

There arc 650,000 individuals in the United States who
cxpericnce complete paralysis of all extremities duc to
conditions which include cercbral palsy, muscular dystrophy,
spinal cord injury, multiple sclerosis, arthrogryposis, as well
as other neuromuscular disorders (source from Washington
D.C.. Data on Disability from thc National Health Interview
Survey 1983-85). Of the 57,499 currently active cases listed
with one northeastern state, 403 individuals are quadriplegic.
In view of these stunning statistics, there are many individuals
who could benefit from spcech recognition technology.
Speech recognition technology offers a natural means of
computer control for pcople with writing impairments.
Instead of typing, it allows individuals to spcak to a computer
to dictate correspondence or operate software. Eliminating the
nced to type, individuals who are quadriplegic face new
opportunities 1o utilize their intclicctual capacitics.

There is little discussion in the rchabilitation literature on the
vocational applications of speech recognition.

However, there have been several product announcements. For
cxample, the Prabb Command 2 is a small vocabulary speech
recognizer that has been marketed to enhance the vocational
competitiveness of people with severe disabilities {3]. There
is mention of the ability to usc the Prabb Command 2 in a
varicty of job sites. However, there is no discussion of a
modet for client training or for client/employcr matching.

A scarch in the rehabilitation engincering literature produced
only a review of speech recognition devices [ 14], reports on
speech recognition as an input for environmental control (15]
and for robotic work stations (4, 17, 7. Therce have also been
reports on the utilization of speech recognition for Computer
Aided Drafting [6] and for wheel-chair operation [11], In fact,

in a recent revicw article on the use of speech technology by
people with disabilities [8], there is no mention of any
vocational applications of speech recognition. In addition, in a
study to evaluatc assistive devices by the National
Rchabilitation Hospital REC on Evaluation of Techrology,
consumers were surveyed in cleven categories [ 1], but speech
recognition technology was reviewed only as an aid for the
deaf.

Discussions with members of RECs working to develop
and/or transfer technology reveal the reason for this shortage in
the literature (16, 10, 2]. Although the objective of many of
the RECs is to provide effective applications of assistive
technology to individuals with disabilities, no REC is
cwqently actively working on speech recognition as applied to
vocational rchabilitation. For example, at the Trace Center
REC on Access to Computers and Electronic Equipment, the
focus is on the research and development of communication
devices and access to computers using modified keyboards (9,
2]. The Trace Ceater's work is aimed primarily at assisting
people with cerebral palsy and others who are non-verbal or
speech impaired and may be inappropriate for today's speech
recognition systems.

Although there has been discussion of the benefits of specch
recognition technology to scrve the vocational nceds of
persons with severe disabilities, the tcchnology has not served
all those who could potentially benefit from it. With the
introduction of large vocabulary speech recognition technology
in 1985, rchabilitation professionals anticipated very
optimistic results on thc number of individuals who would
retum to work {12]. Although many individuals acquircd or
purchased expensive technology, only a small percentage of
those individuals who reccived speech recognizers are cusrently
cmployed. Part of the problem lics with the fact that the
technology has not been ready for distribution to individuals
who arc quadriplegic. When the technology cmerged in the

mid 1980’s, it did not come with any applications., Those

applications that were subsequently developed and vocationally

uscful could not be distributed because of lack of
understanding how they might be integrated in to vocational
rchabilitation plans.  Often, individuals recciving the
technology remained uncmployed. Despite the impressive
ackicvements in large vocabulary speech rccognition
technology, there are three reasons why this technology has
had so litle impact on the numbers of individuals with
quadriplegia returning to work:

(1) There has been no systematic procedure for assessing

clients and identifying cmployers.
(2} There has not been cnough research performed to
cvaluate cost-cffectiveness.

(3) Without a systematic procedure or evidence of cost-
cffectiveness, it has been impossible to develop a
method of distribution to recach the numbers of
individuals who could benefit from this technology.

OBJECTIVE

The vocational placement of an individual with a severe
disabulity is dircctly refated to the degree to which that person
can;

- Perceive and acquire information;

- Process that information and make decisions;

- Communicate those decistons to people and environment,
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While these three actions can be used to describe any wark
situation, they arc of particular concern in vocational
rchabilitation. The extent to which disability interferes with
any of these determines how successfully a person with a
severc disability can compete for gainful employment.

The vocational placement of clients with severe disabilities is
often made difficult by the reduction in or lack of manual
skills that results from their disability. Individuals whose
disability results from a varicty of ncuromuscular disorders
often have the sensory and cognitive skills to function at
levels appropriate for employment. Yet, since they do not
have commensuratc manuai skills that arc also necessary,
employment is extremely difficult.

Improvements in rehabilitation services, and special education,
as well as heightened social awareness have resulted in
increasingly large numbers of individuals with disabilities
reaching the point in their lives where they are applying to
state vocational rehabilitation agencies for assistance in
independent living and vocational placement. Recent
innovations in technology have removed the barriers (0 access
of information and computer software. Coupled with new
legislation requiring that government funded emerging
technologics be made accessible 10 individuais with severe
disabilities, technology has promised new vocational
opportunitics to individuals with disabilitics Despitc the
impressive technology now available to s.scre access lo
information, technology only provides a partial solution to the
barricrs individuals with severe disabilitics face on the road o
employment.

Tie model presented in this paper illustrates a comprehensive
rchabilitation technology service delivery model to increase the
availability of reliablc and durable assistive technology that
addresses the technology-related needs of individuals with
disabilities. The project brings (o bear important
tcchnological and industrial advances in speech recognition
which can provide an individual with a severe disability with
the means to productivity that can be useful in the pursuit of
independence and employment.

METHOD

The model includes a systematic approach for cvaluating,
training and placing clients in gainful employment. The
approach takes into account the cconomic environment and
builds on the individual's strengths in matching cach individual
in an appropriate job in which s/he can succeed. The modet
utitizes a multi-disciplinary vocational rehabilitation tcam that
develops strategices to identify the strengths of each individual,
devcelops these strengths, and then places the person in a job
that s/he can perform. The model is implemented through a
collaborative effort which matches the clients served to the
cmployment opportunitics in the state. The application of
speech recognition technology provides the individuals served
with a means to utilize their skills to accomplish the job.

Part of the barrier to gainful employment for individuals with
quadriplegia is the cmployer's recognition of and focus on the
individual's lack of manual skills. Often, the employer’s
considcration of the individual stops here. The employer is
often unaware of technology that can augment the individual's
ability to work or how to access the resources available to this
population. During the past seven years, technical
innovations have provided important solutions o the
vocational barriers individuals faced as a result of quadriplegia.
During the latec 1980's, numerous articles report a variety of
strategics for accommodating limited motor ability to provide
individuals with access 1o information and compuler softwarc
(scc for cxamples proccedings from RESNA, 1987-90).

Nevertheless, the employment rates of individuals with severe
disabilities remains low [13]. Rehabilitation technology
serv.ce delivery models necd to go beyond the application and
distribution of technology and begin lo integratc appropriate
cmployment placement services as well.

The mode! identifies the job strengths of individuals who are
quadriplegic and builds on thosc strengths.

The model also provides a sysiematic method for evaluating
the job market and identifying those areas with market growth.
Cliznts are malched to available jobs based on their own
developed strengths.

Rehabilitation engineering helps facilitate the job placement
by developing appropriate applications for a large vocabulary
speech recognition system for prople who do not have use of
their hands. Rather than pre-selecting a set of software

packages that may be useful in a particular job, the model
provides an appropriate framework that allows the clinical staff
to study the skills of a wide varicty of individuals from
throughout the state and to develop a thorough understanding
of the employment opportunitics in the state.

From this strong basis of understanding, individuals are
malched to appropriale vocational opportunities and
applications are ¢ sveloped with intimate involvement from the
potential employers.

Appropriate utilization of rchabilitation technology that results
in successful vocational placements of individuals can only be
accomplished through a collaborative cffort of several agencies.
Working cooperatively with the vocational rehabilitation
centers in the state, the clinical staff implements a service
delivery program for providing speech recognition vocational
services to individuals with severe disabilities. A University
based Rehabilitation Engincering Program works with the
State Vocational Rehabilitation Agency and the State Project
with Industry. This consortium provides a large client referral
base. Collaboration with the State Vocational Rehabilitation
Commissions which serve ncuromotor impaired and blind
individuals assures that individvals who have neuromuscular
disorders and visual impairment benefit from the program as
well

Figure 1 shows the organization of the clinical staff and its
relation lo the vocational rchabilitation framework. The
clinical staff works with staff from the Project with Industry to
seck referrais, perform client evaluations and job placements.
A Vocational Rehabilitation (VR) Advisory Pancl and an
Employer Advisory Panel are established. The VR Panc!
includes client representation, members fiom the clinical staff
anc rchabilitation consortium and representation from
rehabilitation agencies in the staff. The VR Panel assures that
all potential clients are referred for evaluation (o the program
and arc realistically assessed for their vocational strengths.
The VR Pancl includes representation from the Stale
Vocational Rehabilitation Agencies, students with disabilities
from local universitics, representation from local computer
users groups, the National Spinal Cord Association, Multiple
Sclerosis Society, Muscular Dystrophy Socicty and the United
Cerebral Palsy Socicty. Through collaboration with a State
Project with Industry, an employer Advisory Panel is
cstablished. As part of its mandate, a State PW1 develops an
cemployer basc of a large number of employers in the state.
The PW1 works with the clinical staff to identify employers
who have an cxpressed interest in affirmative action
cmployment. The Employer Advisory Pancl performs an
advisory role of representing appropriate vocational growth
arcas in the state.
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Clients also have a role on the Employer Advisory Panel. The
Panel's involvement in the project includes identifying jobs
and assistance in the design of all software applications of
speech recognition. This assures that the costly procedure of
application development results in software which is
responsive 1o the employer's needs. The Employer Advisory
Panel is involved early in the assessment of clients, enabling
employers to develop a clear understanding of the client pool
and interest in the success of sceing the clients reach gainful
employment.

DISCUSSION

The model is of great significance to the State Vocational
Rehabilitation Program. Alihough a great deal of progress has
been made in the vocational rehabilitation of individuals with
disabilities and aithough a varicty of vocational services are
offered throughout the states, a large number of individuals
with severe disabilities arc still uncmployed. In an article
entitled "Employment after Spinal Cord Injury (5], the authors
report results for a population of 154 individuals who
sustained spinal cord injury. Each individual in the group was
followed for a period of seven years after injury. Only 29.9%
of the individuals of that group werc employed for any duration
during the time of follow-up. The authors state:

“Since only 19.4% of the subjects were ecmployed seven years
after injury, it is apparent that many patients were either
unwilling or unable to maintain jobs they had acquired.”
Despite the impressive accomplishments of the State
Vocational Rehabilitation Agencies and the Project with
Industries, these agencics have found it a challenge to take
advantage of current technology and apply it to the real
employment needs of people with severe disabilities. The
model described in this paper targets a population of
individuals who are presently out of the employment
mainstream. A clinical staff working in coordination with
other state agencies in a framework discussed above helps
bring the outstanding services of Vocational Rehabilitation
Agencies to a larger population of people within the state. By
applying powerful speech recognition technology in an
appropriate vocational rehabilitation framework, the vocational
needs of individuals with scvere disabilitics can be met.
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A Model for Assessing the Needs

of Disabled Employees in the Work Place

Jennifer Angelo, Ph.D., O.T.R.
University at Buffalo

Three physically disabled employed
individuals, all with a progressive muscular
disease, were evaluated to examine types of
employment and the kinds of assistive devices
that could be helpful to them in their work. This
paper describes how the Team Resource Model
was used to assist these three clients.

The Team

The team is a multi-disciplinary resource
service that assesses the person as a whole. The
teamn approach allows specialized and
coordinated assessments. Through the
assessments, the needs of the person are
addressed, and a plan made as to how best to
meet those needs through the expertise of the
professionals on the team. If a need is
identified which is beyond the scope of the
team. A referral is made to the appropriate
agency for that portions of the individual’s
overall needs.

The team consists of an occupational
therapist, a rehabilitation engineer, and an
architect.  An augmentative communication
specialist was available if needed.  The
rehabilitation engineer makes recommendations
for power or manual wheelchair and seating and
position for body alignment. This reduces
fatigue and the effort needed to maintain an
upright posture for work. The occupational
therapist makes recommendations for work
station modifications to provide preferable
access to the office equipment. The therapist
also recommends assistive dcvices which will
improve the individuals® ability to access office
equipment: computer, telephone, or tape
recorder. The architect makes
recommendations for work and home
accessibility modifications to reduce the effort
needed to travel from home to work.

Referrals
The team receives referrals from the

Office of Vocational Rehabilitation and
occasionally from the clients themselves.
Some clients are in jeopardy of loosing their
jobs if a method cannot be found to enable
them to complete necessary work duties.

The Assessment and Recommendations

The Technology Resource Team
assesses motor control and job tasks at the
work site. After these two factors are
determined, types of access devices and
modifications to the worksite that will
increase independence and cause less fatigue
are investigated. When more than one
assistive device is available, they are
compared.  For worksite modifications,
different arrangements are examined until an
ideal arrangement is found.

Clients
Selected characteristics of each
individual is presented in Table One.

Subject 1's is an attorney. He holds
court hearings. His main job task is writing
the decisions from the hearings and using the
telephone. His main concern was using the
telephone independently and have private
conversations. A single switch device to dial
and answer the telephone was recommended.
He did not need feel he needed access to a
computer. His attendant is a fast typist and
another set up would be slower. It should be
noted that he will be retiring in a few years;
this may play a role in his declining more
assistive devices that would provide him with
greater independence in his work.

Subject 2 works is a data analyst. Her
main task was typing data into a computer.
She needed the flexibility of working at home
on days when she was too weak to travel to
the office. She also required abbreviation
expansion software to reduce unnecessary
typing of commonly used words and a screen
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expansion software to reduce unnecessary typing
of commonly used words and a screen enlarger
to be used when she experiences difficulty
focusing on the screen. A portable computer
was recommended. A luggage carrier was also
recommended to reduce the strain of carrying
the computer to and from work.

Subject 3 was a data management
coordinator, his job centered around being able
to access a computer. He was able to use the
standard IBM compatible keyboard but
experienced difficultly in reaching all the keys.
With his progressive disease, the keys on the
periphery of the keyboard were at times beyond
a comfortable reach for him. A small keyboard
was recommended. He had accurate fine
coordination and the keyboard was easy for him
to operate.

Funding

Subject 1 is eligible for funding through
the Veteran’s Administration, Subject 2 through
the Office of Vocational Rehabilitation, and
Subject 3 is not eligible for funding through a
government sponsored agency. However, his
employer was willing to pay for the necessary
assistive devices and workstation modifications
to retain this employee.

Conclusions

The Technology Resource Team Model
was effective in resolving computer interface
and work station problems for three individuals'.
Those problems included computer monitor
placement, computer and telephone access, desk
height and shape,

Table 1. Subject Summary

A Model for Assessing Disabled Employees

wheelchair access. Architectural barriers
which hindered access to or inside the office
building and home were also addressed. The
team approach was crucial in finding
solutions for individuals who were in jeopardy
of loosing their employment. Results indicate
that a broad based team comprised of
individuals with expertise in the problems and
needs of disabled persons is a promising
approach to the successful, continued
employment for individuals with physical
disabilities who desire to continue working.
Assistive  devices and elimination of
architectural barriers allow disabled
employees to continue in their role as
workers for a longer period of time than they
would otherwise be able.

Successful work experiences of persons
with physical disabilities often requires special
modifications and assistive devices. The
Technology Resource Team Model provides
the needed services for disabled individuals to
have a successful work experience.

Address

Jennifer Angelo, Ph.D., O.T.R.
515 Kimball Tower

University at Buffalo

Buffalo, New York 14214
(716) 831-3141
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Subject Diagnosts MY Age 3 College Employed Attendant | Moblility | Transport
Degree Empiloyment | Full or Af Work -ation
Part Time
1 Multiple M 55 | Yes Business Full Yes Power | Private
Sclerosis wheel
chair
2 Multiple F 27 | Yes Business Part No None | Private
Sclerosis
3 Muscular | M 40 | Yes Busincss Full No Power | Private
Dystrophy
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TECHWORKS REHABILITATION ENGINEERING
SERVICES IN NEW MEXICO-TWO YEARS LATER

Scolt Segner
Adclante TechWorks
Aibuquerque, NM

ABSTRACT

In the fall of 1988, thc Ncw Mexico Division of Vocational
Rchabilitation (DVR) began statcwide rehabilitation services
through a contract awarded to Adelantc Development Center's
TechWorks. As of the fall of 1990, over 180 clicnts have
been served via this contract.  These clicnts have reecived
detailed evaluations for adaptive technology, cquipment
maintenance, and onsitc modification of their homes and
worksitcs. Technical support has been supplicd to both
clients and DVR counsclors. The overall success of this
contract was a key factor in TcchWorks being awarded an
additional contract with the New Mcxico Technical Assistance
Program (NMTAP). Thc NMTAP was sct up using funds
provided by the Tech Act.

OBJECTIVES

TechWorks operates according 10 objectives specified m the
two contracts that fund the program. In summary, these
nclude,

»  Provide technical evaluations and follow-up seivices to
clicnts referred by the DVR and the NMTAP.

Maintain a shop and mobilc service delivery system in
order to provide these services.

Maintain a technical library for use by staff and adaptive
cquipment consumers.

Maintain a loan bank of cquipment to be uscd for long
term cvaluation and as a stopgap mcasurc during the
cquipment ordering process.

METHODS/APPROACH

TechWorks uses a muludisciplinary tcam 9 provide well-
roundcd services. The team is comprised of a Lead Engincer,
an Occupational Therapist, and an Officc Manager/Traincr,
With the addition of the NMTAF contract, an additional
Occupational Therapist has been hired and a Shop
Technician/Fabricator has been added o the tcam. Both the
Lcad Engincer and the Occupational Therapist are typically
involved with the initial evaluation of clicnt's nceds.

Approximately fifty pereent of TechWorks' clients live outside
the Albuquerque metropolitan arca. These clients are served
via a mobile cvaluation van. This van can be quickly
outfitted with the equipment necessary to evaluate a particular
set of clients’ needs. The van is sct up with interchangeable
modular equipment carts and cabinets in order to facilitate this
outfitting. Evaluation road trips are scheduled considering
both evaluation type and geography. The cvaluation van is
then loaded with the necessary cquipment to perform the
cvaluation and/or modification work. A typical road trip
includes working with cight clients over a four day period and
encompasses traveling 1,000 miles.

The remaining fifty percent of TechWorks ciicnts live in or
around the Albuquerque metropolitan area. The majority of
these clients are scen at TcchWorks' headquarters in
Albuquerque. The TechWorks facility includes office space for
staff, shop faciliucs, a technical library, and a computer
demonstration/evaluation room.

The addition of the NMTAP contract and the subscquent staff
increase has madc it nccessary te expand the facility size.
TechWorks is currently scarching for a ncw home of
approximately 3,000 squarc feet, or double its current size,

Following a technical cvaluation, TechWorks staff issuc a
formal written report with reccommendations to the referral
source. This rcport contains client background information,
obscrvations made during the cvaluation process, and
recommendations. The recommendations scction includes
detailed vendor and cost information. Further TechWorks
involvement is also specificd in the report if nceded. For
instance, this might includc modilication of off-the-shelf
cquipment,

TechWorks maintains a loan bank of adaptive cquipment. The
purposc of this loan bank is: first, to make cquipment
available as a long term asscssment tool; sccond, the
cquipment can be uscd to bridge the gap between the time that
a piecc of cquipment is approved for purchase by a funding
agency and the actual delivery of that cquipment. The current
loan period policy is two wecks with an extension of two
weeks. The loan bank has proved to be a valuable resourec in
the overall operation of TechWorks.

RESULTS

By consciously including the client and referral source
personnel in the problem solving process, TechWorks has
cnjoycd a successful start-up and operation over the past two
years. The demand for TechWorks' services has steadily
increased and now results in an evaluation backlog of twoand
a half months. Duc to this backlog, TechWorks currently
uscs a triage system (o prioritize clicnt cases. At this point,
the chalienge before TechWorks is to increasc capacity
without sacrificing quality or attention to detail.

A sampling of case summarics:

= Scveral cases have resulted in implementation of at-home
computer systemns. The systems have been sct-up to do
accounting, desktop publishing, and 1o assist with
scholastic pursuits.

TechWorks has constructed ramps to make clients” homnes
accessible to both power and manual mobility.

The combination of a hand sphint and simple jigs at a
work place helped double a worker's productivity in a
manufacturing sctting.
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TechWorks staff have been involved in ongoing training
with computer and augmentative communication devices.

Computer equipment from the loan bank has been used in
college settings to provide access not available through on-
campus computer labs.

TechWorks has worked closely with DME dealers on

several cases 10 cnsure that equipment is properly selected
and fitted.
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COLLABORATION: A PARTNERSHIP FOR PROVIDING ASS!STIVE TECHNOLOGY SERVICES IN MICHIGAN

Donna Heiner /Joseph Skiba
Living and Learning Resource Centre/Michigan Rehabllitation Services

ABSTRACT

The Increasing number and sophistication of
microcomputar-related assistive technology devices
make it imperative that purchasers have access to
professionals experienced in the matching of
Individual requirements with the appropriate
technology. Cooperation between local and state
agerkles can help maximize the use of financlal and
human resources.

BACKGROUND

In Mlchigan, two branches of the Michigan
Department ot Education are responsible for
overseeing the assistive technology needs of a
majorlty of individuals with physical impairments.
Special Education Services (SES) provides
leadership to educators by stimulating the usa of
technology, focusing statewide efforts, and
stabiiizing the movement of technology Into special
education classrooms. The Michigan Rehabilitation
Services (MRS) through a network of district offices,
Implements an agency pian for the Integration of
rehabilitation englneering and rehabilitation
technology into the rehabilitation process.

OBJECTIVE

The complexity of and rapid changes in assistive
technology make it difficuit for professionais
providing direct services to tormulate accurate
decisions regarding the selection of assistive
technology. Education and rehabilitation personnel
frequently lack up-to-date information on available
computer Input/output devices and augmentative
communication devices. Individuals in fow incidence
categories trequently require unique soiutions.
Professionals may be unaware of the advantages
and limitations of certain devices in educationa! or
vocational situations. Funding patterns and the high
costs associated with technology necessitate
appropriate initial decision making. In order to select
technology, professionals require access to: printed
and electronic databases, a central location
containing a current selection of assistive
technology devices and workstations, and a
professional team experienced in the provision of
assistive technology services.

METHOD

Funded as a State-Initiated Project by the Michigan
Department of Education, Special Education
Services, the Living and Learning Resource Centre
(LLRC) was established as a statewide center on
assistive technoiogy.

The LLRC provides information, demonstration, and
consultation to consumers, professionals, parents,
and other Interested individuals. Open 9-5 Monday
through Friday, the Centre has a toli-free number to
facilitate responding to requests for Information and
Is TDD-accessible. Located In the Main Library of the
Michigan Schocl for the Blind in Lansing, the LLRC
houses an extenslve collection of augmentative
and alternative communication devices, computers,
input/output devices, and software. A professional
staff consisting of a apeclal educator, occupational
therapist, speech-language pathologlst, and
sensory devices specialist provide individualized
consultations on device selection. Funding Is
provided by State-Initiated Project funds recelved
under the State Plan for P.L. 94-142, the Individuals
with Disabllities Education Act (previously the
Education of the Handicapped Act). LLRC services
are therefore funded for the special education
population.

Michigan Rehabilitation Services has installed a five-
year accommodation plan which places in context
the provision of assistive technology services. The
plan includes: tralning of statf in accommodation and
task analysis; team consultation and problem
soiving; the avallability of consuitation, decision-
making, and services to the counselor; the
importance of the client in the accommodation
process; and the integration of other service
providers.

DISCUSSION

To prevent duplication of resources, the LLRC and
MRS have established a mutuaily beneticial
relationship. Through a contractual relationship with
MRS, the LLRC provides inservice training of MRS
counselors and “technology evaluations" tor clients
requiring augmentative communication and/or
adapted computer access.

As part of the accommodation pian, MRS provides all
counselors, managers, and consultants with training
in task analysis and accommodation. Curing these
training sessions, participants spend an afternoon at
the LLRC. After a brief introduction to the LLRC,
which includes guidelines for (1) accessing the
LLRC staff and (2) determining which clients may
benefit from its services, attendees participate in a
hands-on technology awareness session. In small
grouns, atterxlees operate a variety of assistive
technology devices. A typical experience would
include searching the AbleData database, using a
miniature and an expanded keyboard, entering text
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via a single switch scan, making a telephone call with
a computer, responding to questions with an
augmentative communication device, writing a
sentence with word prediction or
abbreviation/expansion software, operating a
computer with voice output capabilities, and
watching videotanes illustrating new developments
in technology. The purpose of the experience Is not
to teach the participants to select technology, but
rather to alert them to the fact that many possible
technology options exist.

The LLRC also provides individualized consutitations
for MRS clients who may require assistive
technology for vocational purposes.  After
counselor, client, and LLRC staft determine that the
LLRC Is the appropriate facility, a morning or
afternoon consultatior is scheduled. Two to tour
LLRC staft members assist client and counselor to
further clarity technology needs, suggest possible
alternatives, and provide the client with the
opportunity to experiment with the hardware or
software. Fellowing the consultation, counselor and
client receive a report detailing observations and
suggestions.

This collatarative effort between two state agencics
providing assistive technology services to students
and adults has resulted in maximizing the utilization
of available resources.
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The Function of Function Words and Fur.ction Ur.ts in Augmentative Communication

Steven Ray, Ed.D.
Adaptive Communication Systems, Inc.
Pittsburgh, PA

Abetract

Methods of accelerating speech output and
speech recognition wiain augmentative
communication devices are proposed. The
methods are based on coding of "function
words” and "function units” within speech
output devices. In speech recognition
technology, function units are treated as
words to improve both speed and accuracy
of recognition. The system of codes and
function units require minimal skills to
master.

Background

Altuough variously defined, linguists have long
recognized the significance of distinguishing
between "functors” or "function words" and
"contentive” or "content words” in the description of
language (Brown and Fraser; 1963; Brown and
Bellugi, 1984; Brown, 1973; and Fries, 1963). The
set of function words generally, but not always,
includes articles, prepesitions, pronouns,
conjunctions, auxiliary verbs and modals. For the
purpose of this article the set of function words will
be defined as those words in our language which
are static and not subject to growth in number. The
set of words in our language which is subject to
growth is the set of content words. These generally
include nouns, adjectives, adverbs and verbs. The
set of function words is finite and universal as
contrasted with the set of content words which is
infinite and personal.

Statement of the Problem

Although the set of function words is quite limited,
the frequency of occurrence of function words in
our language is very high. Function words can
account for 65-75 percent of all words in oral and
written sample of children and adults. In one study
(McNally and Murray, 1962) it was found that only
12 words could account for 26% of the words we
read. These were all, as, af, be, but, are, for, had,
have, him, his, not, on, one, said, so, they, we, with
and you. All but one of these words (said) are
function words.

Function words frequently occur together within a
sentence. Since these sequences of function words
do not adhere to linguistic conventions of phrase
structure rules, they represent a previously
unrecognized concept. Thus, the “function unit” will
be defined as two or three contiguous function
words and the use of the term phrase is

intentionally avoided. Since the set of function
words is finite, the set of function units, although
large, is also considered finite. To date the author
has identified over 1500 function units. Prelimi
estimates indicate that nearly 30 percent of our
language consists of these units regardless of
context.

Approach

Advantage can be taken of these rather powerful
words and their combinations intc units in
augmentative and alternative communication.
Since they are finite and common to the langusge
of all speakers, they are useful regardless of the
context, content or mode of our utterances.

When searching for a method of accelerating the
communication process of orthographic users,
(spellers) these words become obvious targets for
abbreviations. The irony, however, is that although
they are a powerful set of words, these words are
also very short. Mcst function words are five
characters or less in length.

Published in a Vanderheiden and Kelso article
(1887), an alphanumeric, optimized, ideological
coding system for representing the most frequently
encountered words in the English language was
presented. An analysis of the total percent uf
keystrokes eliminated for this set of single words
produced a savings of about 44 percent.

These codes have been implemented on
augmentative devices capable of abbreviation
expansion and proven to be both powerful and easy
to learn. Some samples of these codes are as
follows:

Code Meaning
to

for

it
but
can
could
was
does
me
you
have

<EBRER{OELN

It was discovered that additional keystroke savings
could be achieved by combining these function
word codes into units of two or three elements.
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These combinations, however, carry with them
modest learning costs to the user. That is to say,
once an individual learns the eighty or so codes in
the first system, they are merely combined or
executed, without the space between them, to
produce function units. Another important feature
of these units is that they are internally redundant.
Thus, the function unit of You can have consists of
two other possible units of You can and can have.
This redundancy reduces the demand on the user
to recognize the complete function unit. Thus, the
user could produce the codes for each element
separately (u ¢n v) and achieve a keystroke savings
of 6, produce the codes for the two possible two-
element units (uen v or u env) for a savings of 7, or
produce the most efficient sequence containing all
three elements (ucnv) for a maximal savings of 8
keystrokes.

Using a core vocabulary of only 80 codes,
representing the 80 most frequently used words in
English language samples (Vanderheiden and
Kelso, 1887), a total of more than one thousand
codes can be stored for function units with fewer
than ten collisions or conflicts between codes. Such
a system has already been implemented on the
RealVoice (1890) communication device, The
following are samples of theuse codes:

Code Meaping
du do you

ud you do

iv I have

dz8 does it

ru are you
wydd why did
wydu why do you
urdg you are doing
hhzhd he has had
ivhd I have had

Elsewhere strategies have been described for the
coding of content words and frequently used
sentences. These strategies include special markers
for categories of words when coding content words
and markers for tense, number and aspect for
frequent sentences (Ray, Morris & Palin, 1990).

Function units can also be used in speech
recognition systems. Dragon Dictate (1890) is a
discrete word, large vocabulary speech recognition
system. Each word is produced individually and the
system attempts to guess the word and offers the
user a cholce of up to 10 words from which to
choose each time. Again, ironically, the hardest

words for this system to recognize are the function
words. This is true because they carry very little
acoustic information. Thus, the word education is
much less difficult to recognize than the word I
which can be mistaken for eye, bye, my, by, aye, etc.
Each decision which must be made by the user
reduces the speed of input for such a system.

If the system is given function units to be handled
as words, then both speed and accuracy of
recognition is increased. Again the redundancy of
elements within the function units reduce the
metalinguistic demands for recognizing full
function units. For example: "Do you have the car"
can be segmented as; Do you - have - the - car, Do
you have - the - car, Do you - have the - car, or Do -
you have the - car.

Implicats

Augmentative communication device users who use
orthography es an input method for their speech
prosthesis can easily learn a small set of less than
100 function words and their logical letter codes.
These codes can, with little effort, be combined into
function units for additional keystroke savings and
more efficient communication. This system
represents a standardized method of coding a
powerful set of words and combinations of words
while avoiding the pitfalls of developing
idiosyncratic systems which generally produce large
numbers of collisions.

When the function unit is programmed into speech
recognition systems as words or single elements,
they enhance the recognition accuracy of the
system. In addition they reduce the number of
choices required during the diction process.

The redundancy of function units enhance their
power while reducing the metalinguistic and
cognitive demands for recognition. Thus, the
system of coding function units is both powerful
and forgiving.

Conciusion

By tightening the definition of "function words" and
ignoring traditional phrase structure grammars, a
newer and more powerful linguistic unit has been
identified. The function unit has potential for
improving the efficiency of communication of
augmentative communication device users. The
function unit can be applied to both speech output
systems and speech recognition systems. This
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technique draws upon previously established
orthographic skills and requires minimal
metalinguistic skills. Research is currently
underway to quantify the advantages of utilizing
these units.
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Automatic Abbreviation Generation

Gregg M. Stum, Patrick W. Demasco, and Kathleen F. McCoy
Applied Science and Engincering Laboratories
University of Delaware/Alfred 1. duPont Institute
Wilmington, Delaware USA

Abstract

This work is part of an augmentative communication
project being conducted at the Applied Science and
Engineering Laboratories of the University of Dela-
ware and the A.L duPont Institute. The goal is to
reduce the demands of waditional abbreviation
expansion systems, on both the clinician and the cli-
ent, by providing a clinical aid for constructing a
fixed set of abbreviations for a vocabulary, and a user
tool for recognizing a variable set of abbreviations
for a vocabulary item. To this end an abbreviation
generator produces all the possible abbreviations
associated with a vocabulary under a well defined
model of abbreviation.

Background

An abbreviation expansion system is usually a com-
puter-based typing tool that replaces a sequence of
characters, representing an abbreviation for a word,
with that word. The set of abbreviations associated
with a vocabulary is an abbreviation scheme. An
abbreviation strategy is the rule or set of rules used ir
forming the abbreviation.

Vanderbeiden and Kelso [5] identify abbreviation
expansion as an important techrique in an accelera-
tion vocabulary of an individual using a communica-
tion aid. They show that a relatively large amount of
communication is composed of a relatively small
number of words, and that there is a high degree of
consistency in this set of the most frequent words
among different users. After analyzing several abbre-
viation schemes for this vocabulary, they find their
idiosyncratic-logical scheme the most effective.

As illustrated by this study, choosing a good abbrevi-
ation scheme for a specific vocabulary requires con-
siderable research time and effort. For a set of the
most frequently used vocabulary items this invest-
ment is worthwhile since the set is essentially fixed.
However, this set only constitutes the majority of text
produced, not its totality. The remaining portion is
drawn from a variety of context-specific vocabular-
ies, that may be different among individuals.

Thus a specific vocabulary is not uniformly appropri-
ate to all users. This means that the clinician is
responsible for constructing abbreviation schemes
for a number of clients. This task is even more omi-
nous considering that the abbreviations must be tai-

lored to the client and that different clients have
different preferences about how something should be
abbreviated. So a specific scheme for a vocabulary is
not uniformly approgriate, and the task of generating
abbreviations that are easy for each client to recall is
€normous.

Statement of the Problem

For each user of an abbreviation expansion system a
vocabulary of words to be abbreviated must be spec-
ified, and the individual abbreviations for the words
determined. Thi. requires knowledge in constructing
abbreviation schemes, consideration of the user’s
cognitive skills, physical abilities, and abbreviation
preferences, and the time and effort of the clinician.
These requirements are not generally insignificant.

Once a scheme is cstablished for a vocabulary, the
user must either memorize it, or have it available to
reference. For any scheme of appreciable size, the
cost of cognitive load or lookup time is significant,
and may in fact exceed the savings in keystroke
reduction.

These considerations identify two basic related prob-
lems: the construction of an effective abbreviation
scheme for a given vocabulary; and the overhead
imposed on the user of such an abbreviation scheme.

Approach

The abbreviation scheme constructor provides to the
clinician several sets of fixed abbreviation assign-
ments for a vocabulary, with each of these schemes
representing the application of a specific abbrevia-
tion strategy. From these, the clinician selects the
most appropriate scheme for a specific client. The
adaptive flexible abbreviation expander obviates the
need for any fixed scheme by recognizing any well-
defined abbreviation for a vocabulary item with
roughly the same speed as a fixed abbreviation
expander. Naturally, expansions for sucl: abbrevia-
tions are generally not unique. This expander pre-
sents a list of the most preferred expansions based on
human preferences and the user’s history. The auto-
matic abbreviation generator is a preprocessor for
both the constructor and the cxpander that prov les
their required information and reduces their run-time
computational requirements to make implementa-
tions practical. The generator does not use strategics
in producing the abbreviations, but rather it rates an
abbreviation according to the strategy it best repre-
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sents for the word from which it was obtained.

The Basic Abbreviation Context

In order to identify the fundamental design and
implementation issues in creating the generator, a
basic model of the abbreviation context is defined.
This model is intended to be only sophisticated
enough to exhibit the computational requirements
without being complicated by features that might be
desired in an implementation, but do not contribute
to its computational complexity. These features are
then supported as extensions to the basic model.

With these objectives, the model is this. The vocabu-
lary being abbreviated consists of single word items.
An abbreviation is taken to consist of only letters
from the word appearing in the same relative order as
in the word. Thus, the number of possible abbrevia-
tions for a given word of length n is 2"-1. The impor-
tant characteristic to note is that this number grows
exponentially on the length of the word.

Extensions

Examples of extensions to the basic abbreviation
model include: using numerals, special characters,
and letters not appearing in the word for phonetic or
mnemonic value; and allowing phrases, utterances,
and teinplates for them as vocabulary items. None of
these extensions change the exponential nature of the
number of possible abbreviations, and are accommo-
dated by the generator.

The Automatic Abbreviation Generator

The generator has a rather straightforward design. It
takes each vocabulary item, produces its set of possi-
ble abbreviations, and stores this set in an expansion
table. Each abbreviation in the table indicates both
the word from which it was obtained, and the abbre-
viation strategy it most closely represents for that
word. It is often the case that an abbreviation repre-
sents the application of several strategies. When the
same abbreviation is produced from more than one
word, its entry in the table indicates a list containing
al) the words from which it was obtained. This list is
maintained in sorted order according to preference
ratings assigned to the various abbreviation strate-
gies. Extensions to the basic model are incorporated
into the generator by the use of special auxiliary
functions. Each special function encodes a specific
extension and is invoked by the generator as
required.

Implications

The Abbreviation Scheme Constructor

An abbreviation strategy is taken to be a rule used
consisiently across the entire vocabulary. Only one
rule is used and this rule’is applied to each word.
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Ehrenreich {2], Hodge and Pennington {3}, and
Streeter, Ackroff and Taylor [4], have all demon-
strated regularities in human generation of abbrevia-
tions for a given vocabulary item, and preferences for
particular abbreviation strategies.

The three most basic strategies identified in all these
studies are: truncation, vowel-deletion, and combina-
tion. Truncation is taking a prefix of the word.
Vowel-deletion is eliminating all occurrences of
vowels in the word. Combination is first an applica-
uon of vowel-deletion, then truncation of the result to
a maximum length if necessary. These strategies are
taken as the basic model for the constructor, with
more complex strategies included as extensions.

The constructor is a clinical tool used by a clinician
in preparing a communication aid that includes a
fixed abbreviation expander. The clinician identifies
the user’s vocabulary and selects the strategies to be
represented. The construcior then gives an abbrevia-
tion scheme for each strategy specified. After
reviewing these various alternatives, the clinician
selects the most appropriate scheme for the user. If
possible, this scheme is sent automatically to the
fixed abbreviation expander; otherwise it is entered
manually. Figure 1 illustrates this process.

client
vocabulary

clinician

CONStructor eg—m» generator

fixed
scheme

Y
AAC device

client

Figure 1. The Abbreviation Scheme Constructor
produces a fixed abbreviation scheme for the expander of
an AAC device.

The Adaptive Flexible Abbreviation Expander

A major drawback of fixed abbreviation schemes is
the cost of cognitive load or lookup time imposed on
the user. An expander that does not require 4 pre-
defined abbreviation scheme, can deal ecfficiently
with a set of well-defined abbreviations for a word,
and can adapt to both the user’s preferences and
vocabulary, has the promise of giving the user an
effective means for realizing meaningful keystroke
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savings.

The basic model of the expansion is that as the user
types each letter of the abbreviation, the expander
presents, separate from the text, a menu of some
number of possible expansioas for the abbreviation
so far. The user then presses a key associated with the
desired expansion. If the desired expansion is not
presented, the user either types a special key for more
expansions, or types another letter of the abbrevia-
tion. The expander then records this selection and
replaces the abbreviation with the expansion. This
model is intended only to demonstrate the expander’s
adaptiveness and flexibility. Its user interface is an
entirely seperate issue and does not impact on its
design.

The expander is a gateway to some other software
application, such as a communication aid. As with
the constructor, the user’s vocabulary must be identi-
fied, and in this case given to the generator. The gen-
crator then passes the resulting sets of abbreviations
to the expander. Figure 2 illustrates this process.

ciient
vocabulary

clinician

generator

expansions
table

A

expander

/ client

Figure 2. The Adaptive Flexible Abbreviation Expander
serves as the expander of an AAC device

Discussion

This work is an extension of word compansion as
described in Demasco, Lillard, and McCoy {1). In
word compansion, all the work in interpreting an
abbreviation occurs at run-time. That is, after the
compansion expander is given an abbreviation, it
both manipulates this abbreviation and filters subsets
of possible expansions from the dictionary. This
interpretation is rather computationally expensive,
especially compared to the simple table lookup of
fixed abbreviation expansion. The objective of the
adaptive flexible expander is to eliminate this dispar-
ity by moving the computationally expensive wark to
the generator, leaving only a table lookup and some

optional bookkeeping for the expander.

The constructor represents applying knowledge
about human abbreviation behavior to the results of
the generator. For users not having sufficient cogni-
tive ability either to appreciate the expander’s flexi-
bility, or to adjust to its adaptiveness, a fixed
abbreviation expander is more appropriate. In this
case, the constructor is a useful clinical aid for tailor-
ing the fixed abbreviation scheme to the user.

Implementation considerations have a direct bearing
on the actual limits of the generator. By design it has
a high order of computational complexity. That com-
plexity comes from both the problems it is address-
ing, and the fact that it is taking the computational
burden away from the constructor and the expander.
Given that the generator itself is not required by the
run-time system, it is reasonable to assume that it
runs on a hardware platform containing a large mem-
ory, a fast processor, and a large, fast secondary stor-
age like a disk. The actual values of these parameters
affect the limits of the generator's performance. A
prototype of the generator is currently being used to
examine basic implementation properties such as
reasonable limits on the size of the vocabulary,
length of vocabulary items, and number and choice
of abbreviation strategies supported.
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Abstract

Comparisons of user speed on AAC systems with and
without word prediction support the view that the
cognitive and perceptual processes involved in use of
word prediction may counteract the gains in selection
efficiency. These processes and their associated time
requirements are analyzed, using results from the field
of human-computer interaction, as a first step toward
a comprehensive understanding of word prediction's
effectiveness. The ultimate goal of this work is to
develop an analytical modeling framework that can be
applied to any user-system interface.

Backyround

The past decade has witnessed a tremendous amount
of clinical and research interest in the use of word
prediction as a means of enhancing rate in
augmentative communication (AAC) systems. While
there are a number of different types of word
prediction, the basic technique takes advantage of the
redundancy in the English language to predict a set of
words that are the most likely candidates for user
entry. Word prediction choices are typically displayed
in a short list and are refined as the user inputs
additional letters. If the desired werd is found in the
list, it can be selected with one additional input,
eliminating the need to select each letter individually.

Since the development of the first prototypes, much
effort has gone into improving the predictive
algorithms (1,16) and commercializing the systems for
widespread use (5). Current systems employ improved
algorithms which are capable of learning the pattern of
a user's word usage. Future systeins promise to go
beyond statistical usage tables to utilize inferences
about semantics and pragmatics (18).

Statement of Problem

A critical question is: Just how much performance
improvement can be expected using word prediction?
Unfortunately, the answer is that nobody knows for
sure. Many researchers have tried to address the
question by comparing the efficiency of systems with
and without word prediction. Common metrics of
comparison are keystroke savings for direct select
interfaces (16), or combined savings in scan steps and
switch hits for scanning interfaces (3). Theoretical
simulations show efficiency gains of 24-70% (3,16),
depending on the characteristics of the entered text
and the word dictionary. Maximum efficiency has been
estimated at 82%, under the assumption that each
word can be selected with only one keystroke (16).
Studies on actual users report efficiency gains of 23-
47% (1,13). Based on these data, it's tempting to
conclude that word prediction will universally enhance
a user's text entry rate by at least 25% and possibly
50% .

However, comparisons of text entry rate with and
without word prediction show that word prediction
techniques do not work as well in practice as they do in
theory. Experimental measurements on subjects with
disabilities have demonstrated no improvement (13) or
only modest (3-10%) improvements (3). At least one
clinical case study ias confirmed that while efficiency
may improve significantly, text entry speeu may not
n.

These data quantitatively confirm what has long been
known: decreasing the number of necessary selections
may increase the time required to make each seiection,
leading to unknown effects on overall performance
(4,7,14). This does not mean that word prediction
never enhances rate. It merely points out that the
claims that word prediction is "time saving” (5),
“increases typing rate" (6), and provides “quicker
access” (12) need to be examined more closely in order
to determine when they hold true and when they do
not.

Approach

There are three main questions that need to be
answered in order to rigorously understand the trade-
off between efficiency and selection time. These are:

1. What are the factors that contribute to an
increase in selection time?

2. What are the time requirements associated
with each of these factors?

3. Can we determine a cross-over point between
rate enhancement and rate inhibition by
integrating this information with the efficiency
data?

While the definitive answers to these questions require
further research, there is a significant body of
literature in the field of human-computer interaction
(HCD that can be fruitfully agplied today, as
demonstrated below.

Factors Affecting Selection Time

Use of a word prediction feature requires additional
cognitive and perceptual processes, and these are the
major contributors to the increase in selection time.
P'rocesses that are frequently cited include the visual
search of the prediction list and the subsequent
decision about whether the list contains the desired
word (7,14,17). Additionally, an often overlooked
source of cognitive load is the processing involved in
planning use strategies and guiding overall activity
(2,9). For example, the user may spend time deciding
whether or not to search the list at all. Not all users
will employ this strategy, choosing instead to either
search every time or not at all; however, many users
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may adjust their use of word prediction based on their
perception of the recent success rate (17). As a second
example, some users may exhibit noticeable delays if
the word is not found in the list, which may correspond
to the processing required to shift the current task
from one of recognition to text generation (17).

Word prediction may also affect the act of physically
making a selection, once all decisions have been made.
In the case of a keyboard-based system, motoric time
may increase if the keys added for selection of word
prediction choices are significantly more difficult for
the user to access. In a scanning sysiem, motoric time
depends on the switch hit time as well as the scanning
distance to the selection, and this distance is likely to
be reduced using word prediction.

Associated Time Requirements

The times required for each of these component actions
may vary widely between AAC users. However, many
of these processes can be quantified based on the
experimental performance of ab’e-bodied subjects; this
approach provides a "best-case baseline and can be
expected to apply to AAC system users who have
cognitive and perceptual abili. :s within normal limits.

Several HCI studies have been performed on the visual
search of lists, in which subjects search for a given
target word and make some motor response to choose
the target (8,15). The response times reported, when
corrected for the motor time, provide estimates of the
time spent in visual search and target recognition. For
short lists (around five items), ordered either
alphabetically or by frequency of use, search times
after some practice are 1.0-1.5 seconds (8,15) and may
be expected to increase logarithmically if more items
are added to the list (8). With substantial practice, it
may be possible to achieve search times of 0.5 seconds,
although this estimate has not been validated (7).

The other cognitive processes discussed above are not
as directly quantifiable, although relevant HCI work
can supply approximations here as well. First, since
the user of a word prediction system is faced with a
choice of text generation methods (either to search the
list or ignore it), times measured for choosing between
methods in other domains indicate how long this
decision might take. In a study of expert spreadsheet
users, subjects consistently toek an average of 1.76
seconds just to choose whether to type or point to cells
in entering a formula (9). Other work has estimated
cognitive processing of this type to take 0.62-1.35
seconds (2). Seccond, the amount of time required to
shift attention from word recognition to text
generation can be estimated using an established
model of human information processing (2). While the
details of the model are beyond the scope of this paper,
the cognitive shifting task can be considered to require
one cycle of the "cognitive processor” (2), or about 0.1
seconds, for a skilled user without cognitive deficits.
While these specific estimates are little more than
cducated guesses at this point, the basic concept -- that
unohservable cognitive processes tuke measurable and

sometimes lengthy amounts of time -- has been well-
validated in studies of HCI (2,9,10).

Finding the Cross-over Point

A primary goal is to establish methods that can define
the cross-over point between rate enhancement and
rate inhibition in terms of system parameters and user
characteristics. One approach to this is to gather more
data on users’ speed with and without word prediction
and attempt to draw some general conclusions based
on the results. However, while this approach may
successfully determine cross-over points for specific
user and system characteristics, it cannot make
predictions about how changes in either the user or the
system will affect the cross-over point.

A more comprehensive approach attempts to create an
analytical framework that integrates system and user
factors and supports the simulation of unlimited user-
system combinations. Preliminary work has
demonstrated the use of one such framework to make
theoretical predictions about user performance with
and without word prediction (7). Model simulations
predicted that text entry speed with word prediction
would usually be lower than speed using letters only,
using parameter values iike those discussed above.
Other investigators have also explored analytical
modeling techniques, with similarly interesting
results, that demonstrate the potential power of the
modeling approach to address the numerous trade-off
issues that exist in AAC (e.g., 3,4).

The following example illustrates one type of simple
analysis that can be done with modeling, using the
timing parameters estimated above. First, for a
keyboard-based letters-only system, text entry speed
can be estimated at (5.7)(Ty) seconds/word, given 5.7
letters/'word and Ty as the user's keypress time. If-
word prediction is added, with a keystroke savings of
50%, text entry speed becomes (2.85)0T, + Ty), where
Tcp is the time spent on cognition and perception for
ach selection. Assuming Ty is the same for both
systems, the equations predict that the letters.only
system will be faster for all Ty < T,. Using best-case
timing values, and assuming all processes occur in
series (2), T\, is 1.22 seconds, which implies that word
prediction will not enhance rate for individuals whose
keypress time is less than 1.22 seconds. Note that this
example is only an illustration of the approach, and
continued research is necessary before specific values
can be applied in practice.

Implications

A major implication is the need for a shift in research
focus from system development to user-system
interaction (11). Specific questions that need attention
include:

1. Do users actually perforin all the processes
discussed above? If not, why not?

2. lHow much time does each process really take?
And what is the individual variation?
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3. How do the times add up? Are processes
performed serially, or partially in parallel?

4. How well do model simulations predict actual
performance?

Answers to these questions require a great deal of
empirical measurement and observation. The key
point is that, in addition to measuring the overall
performance, we ussess the individual contributions of
the component actions that produce that performance,
in order to build a foundation for a general modeling
technique.

Although much research remains to be done, these
ideas have practical implications today. For AAC
clinicians and users, an awareness of the cognitive and
perceptual costs that may be introduced with word
prediction provides an important balance to
manufacturers' claims and can help the user make a
more informed decision. For system developers,
application of the ideas within the relevant HCI
literature  could result in significant design
improvements.

Discussion

An important limitation of this approach is that while
its primary focus is text entry rate, there are numerous
additional factors that determine the ultimate success
of any AAC system. For example, users may express
preference for a word prediction system because it
helps their spelling, regardless of its effects on sheer
speed (17). Additionally, improving physical efficiency
may reduce fatigue for some users, allowing them to
work longer or more comfortably. Finally, a user may
just have a personal preference for a particular system.
The optimal mix of text accuracy, user fatigue, and
communication speed depends greatly on the specific
goals and abilities of the user and achieving this
requires a combined effort of clinician and user.
However, a framework that provides an understanding
of the factors that determine text entry speed and
predicts the speed that may be accomplished with
practice would provide a significant contribution to
this effort.
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ABSTRACT

Correction of speliing errors has become a standard
pat of commercial word processing Systems.
However, these systems were designed for office use,
where mistypings occur more frequently than actual
spelling mistakes. This paper describes an alternative
system, which is specifically designad for users who
have serious spelling disorders. The system has been
successfully piloted in schools and performed
favourably when tested against commercial software.

BACKGROUND

The author is part of a team who have been
conducting investigations into devices which aid users
with a variety of communication disorders, in particular
the PAL prediction system (1), which had been found
to be of considerable help to users with spelling
disorders, enabling them to increase both their speed
of output and quality of presentation. However, it was
felt that it would siill be useful to design a system
which could operate in conjunction with PAL, and
correct any errors which had occured in the text
oulput despite the use of the PAL system.

STATEMENT OF THE PROBLEM

The program would be required to analyse any entered
misspellings, and to present a list of suggested
corrections to the user, based on its internal
dictionary list of acceptable words. The production of
suggested corrections would have to take Into
account the nature of characteristic errors made by
spelling-disordered users.

RATIONALE

Previous studies into the problem of speling
correction have tended to concentrate on iwo
particular areas. In papers (2) and (3), it was assumed
that the misspeliing had one error, which would be a
wrong, mmissing, or extra lefter or a single
transposition of latters, and so potential corrections
would differ trom the initial spelling by only one of
these error types. This work was extended in (4) and
(5) where algorithms were given to determing the
'distance’ between ftwo strings as the minimum
number of ‘edit operations' required to transform one
string into the other. In (6) and (7), a system of
phonetic coding was employed which attempted to
ensure that spelling variations of names for example
'Smith and 'Smythe’ would be converted to the same
code. The authors have sought to create algorithms
which would not only perform processes similar to
those in (2,345 (as employed by many standard
commercial speling checkers) but also to handle
phonetic checking in a more thorough manner than
previously attempted in this area.

DESIGN

The Speller system was designed to operate on an
IBM PC or compatible computer, in particular the
Zenith 2181 portable. The program would be primarily
required to search through an ASCIl text file
matching each word against entries in a dictionary of
approximately 5500 words. An initial study of work
produced by schoolchildren with spelling problems led
to the conclusion that most of their errors could be
divided into two classes:

i) texical errors where the maijority of the letters in the
missrelling corresponded to the letters in the
intended word e.g. 'Eglis’ for "English’;

il phonetic errors where the speling was incorrect,
but the misspelling sounded close to the intended
word e.g. ‘eggricichr’ for ‘agriculture’.

it was therefore decided that on encountering a string
which the program is unable to find in its dictionary,
the program would perform two processes:

i) to search for words where the letter content was
considered to be sufficiently close to that of the
misspelling (and also, to a lesser extent, the lelter
order);

ii) to search the dictionary for appropriate phonetically
close words.

DEVELOPMENT

It was decided that in order to find pronetic matches,
it would be appropriate to break down each word into
its constituent phonemes and perform a comparison
of the phonemes in the misspeling against the
phonemes contained by words in the dictionary, and
in this way search for words with high phonetic
similarity to the misspelling. For this purpose, a text-
to-phoneme conversion system was developed. A
rulebase (8) developed for the purpose of text-to-
phoneme conversion was adapted to make it relevant
to the sounds and pronunciations in ‘British English’
rather than ‘American Englist’. Approximately 100
rules were added to increase the accuracy of the
rulebase. Using the rulebase, a  phenetic
representation of the entire resident dictionary was
complled, so both a dictionary of words and & parallel
associated phonetic dictionary could be held in
memory simultaneously. To compare two collections of
phonemes, the vowe! phonemes in each collection or
‘phoneme string' were analysed, and then the
consonant phonemes in each phoneme string were
analysed separately, and in each case a measure of
similarity was constructed. Greater emphasis was
given to the analysis of the consonant phonemes, as
the consonant parts of words carry more Information.
Consideration was given during the process to the
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proximity of individual phonemes to each other; for
example the 'v' sound was considered cioser to the 'f'
sound than, say, the 's’ sound. An algorithm fo
measure lexical similarity 7. the misspelling against
dictionary words was als’, constructed. The technique
used was essentially equivalent to the algorithm given
in {5}, and referred to previously, with transposition
of letters being ass’gned a minimal penalty. It was
hoped that this woild be particularly appropriate for
the target client gro ip, in view of the observed high
frequency of letter sc ambling by this group.

EVALUATION

The program was tested against four commercial
spelling correctors, by running samples of text from
five children knovn to have speling difficulties
through all programs, and observing the percentage
of times when each nrogram was able to offer the
relevant correction for i misspelling. Initially a small
sample, containing 100 misspellings was run through
Speller and the four commercial programs,
CorrectStar, PCWrite (both IBM programs) and
WriteNow 2.0 and MacWrite 3.02 (both Macintosh
programs). Speller performed somewhat better than
all of these programs in this initial test. It was
however decided to conduct a more detailed test on a
sample of 709 misspellings using Speller, the IBM
program that had attained the best results
(CorrectStar) and the Macintosh program that had
performed best (WriteNow 2.0). It was observed that
WnteNow 2.0 appeared to operate by using edit
operation analysis whereas CorrectStar appeared fo
use both edit operation analysis and some basic
phonetic analysis. The results of this more detailed
test were very favourable towards Speller. ot only
did it find a significantly higher percentage of
intended speliings (57% of correct spellings as the
first prediction against 34% and 36%) than both
commercial programs, but its failure rate was also
much lower (14% against 45% and 55%). Versions of
Speller have been introduced into the classroom
environment for further field testing of the program.
The reported response of both teachers and pupils to
the system tave been positive and a more detailed
field evaluation of the program is planned. Evaluations
of the program, in particular detection of unexpected
behaviour of the matching algorithms, has been
helped by a feature of the system, namely that all data
generated during interactive use is logged on disk for
future examination.

DISCUSSION

The results of the tests of the program suggested
that a system had been developed which was much
more appropriate for the special spelling requirements
of the target group of users than commercially
available spell-checking software. One of the maijor
reasons for this would appear to be the phonetic
matching algorithm: whilst many programs are unable
to handle even the spelling of 'physics’ as fysics’ the
Speller system will even offer ‘physics’ when spelt
fzx'. Work is conlinuing to improve the maiching
algorithms  where appropriate, and is now being

extended to give the program the optional facility to

query genuine spellings when the word in question is a
homophone for another word.

CONCLUSION

A spelling aid has been designed for users with severe
speling disorders. This program appears to be
significantly more helpful to this particular class of
user than a convertional type of spelling comestor.
The program is able to find the correct forms of the
vast majority of the lexical and phonetic misspellings
in the test data and many of those found would not
be immediately obvious to a human when taken out of
their context.
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SYNTAX PAL - A SYSTEM TO IMPROYE THE SYNTAX OF THOSE
WITH LANGUAGE DYSFUNCTION

Corinne Morris, Alan Newell, Lynda Booth & Jobhn Amott
Microcomputer Centre, University of Dundee
Dundee, Scotland

ABSTRACT

Delayed or disordered expressive language often accompa-
nies problems with spelling. We are developing a writing aid
to help individuals with expressive language dysfunction, as
an extession of PAL, a previously developed predictive spell-
ing and typing aid. The enhanced system uses syotactic in-
formaticn to choose the predictions and will provide a poste-
diting phase to remove any grammatical errors remaining in
the text.

BACKGROUND

PAL (1), a predictive text input program, was originally de-
veloped as a typing aid for individuals with motor problems
amxl was evaluated with schoolchildren in Tayside (2). It was
found that many of these children also had spelling problems,
and using the program helped their spelling. It became clear,
as their spelling improved and their written output increased
through using PAL, that some of the non-speaking users of
PAL also had problems structuring their written language in a
normal grammatical fashion.

The specific areas of syntactic difficulty vary from person to
person in our study group. Sorae of the problems of the non-
speakers appear to be related to their use of Blissymbol
boards (3) to commugicate. As Bishop (4) suggests, this com-
munication system can bardly be responsible for their basic
language dysfunction, and it is undoubtedly beneficial in
many respects. However, it trains the non-speakers to use
words in some non-standard ways; the impact of this is seen
clearly in the writing of ooe of our non-speakers. and more
subtly in the writing of the other two.

Two obvious areas where the communication board system
has influenced grammar are use of tenses, and nuances of
meaning. In Blissymbolics, the symbol for a tense is written
together with the symbol for a particular verb to give tbe in-
flected verb. However, with a one-fing:r pointing system, the
symbol for the tense must be pointed to separately from the
symbol for the verb, and so is effectively treated as a separate
word. This has carried over into one of our non-speakers’
writing: he inserts the word "past” or "present” or “future” in
the sentence rather than inflecting the verb.

On a communicativn board, there is also not much room for
nuances of meaning. On our non-speakers’ boards, ooe sym-
bol 15 used for both "hear" and "listen"; another for “talk",
"speak" and "say"; another for "like" and "enjoy" (although
distinct symbols do exist, only the symbol for "like" is used
on their boards). Both of our older non-speakers use “like" in
contexts where “enjoy” would normally be used. a mistake
made by only one of the speaking children in our study
group. The oldest non-speaker in particular has numerous
similar problems.

STATEMENT OF THE PROBLEM

Despite individual differences, and differences related to use
of Bliss boards, syntactic errors made by our subject group of
young people with language dysfunction are broadly similar;
the exception is a child with Down’s syndrome, whose writing
is very difficult to decipber due to very bad spelling, and 2
tendency to wander from subject to subject and into long repe-
titions of a single word.

For those whose writing is more clear, the errors consist
largely of omitted words or word endings, and to a lesser ex-
tent, insertion of superflucus words, incorrect uss of words,
use of words in the wrong order, and disagreements of number
and tense. Examples of the sort of writing produced by two of
our young people give a more concrete idea of these prob-
lems.

! in bed no well. I miss bus trip to Campeir-
down to see the animals that sieep. Arlene went
to see me. Gran going see Guy and Nicky.

I went to my garys on struday I be playing card
game. And sunday I went to the galaday it is da-
caed. [ boot fave book. And a tape case. And [
went home 1o which the tv.

APPROACH

We are attempting to address the syntactic aspects of language
dysfunction using a similar strategy to that which we adopted
for spelling problems. That is, we prompt the writer with syo-
tactically comect words. The writer thus only needs to select
words from a list of predictions rather than type the appropri-
ate words in full.

The predictive system we have developed, "Syntax PAL", is
an enhanced version of the predictive typing program PAL.
Early work examining the use of syntax in a predictive system
was reported in (5). This work investigated whether the use
of symax could improve keyboarding efficiency for people
with motor dysfunction. The results indicated that a small in-
crease in keyboarding efficiency could be achieved, and there-
fore syntactic passing was not added to PAL at that time. It
has now been added to help users with their syntax, ratber
than to increase keyboarding effeciency.

Our subject group of people with language dysfunction also
have spelling problems. and therefore it was important to in-
corporate the functionality of PAL into the system. Also, we
wanted to keep the user interface as simple aod unobtrusive as
possible. The interface therefore remains essentially the same
as that of PAL.

A window of 5 predicted words follows the cursor around the
screen, and the 5 predictions change as letters are added to or
deleted from the word being typed. The major difference be-
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SYNTAX PAL

tween PAL and Syntax PAL is the type of words predicted.
PAL predicts frequent words and recently used words begin-
ning with the prefix which has been typed, the only proviso
being that certain function words are not allowed as predic-
tions immediately after certain other function words (e.g. "the"
will not be predicted after "the™).

Syntax PAL also uses frequency and recency of words - but in
addition it performs a complete syntactic parse of the partial
sentence that has been typed so far, and only predicts words
which could, according to the rules of Eaglish syntax, occur at
this point. Like many parsers, its knowledge of Eaglish syntax
is incomplete; but it is complete enough to be helpful to users
with language dysfunction. Our earlier attempts to incorporate
some syntactic information into PAL (5) had only considered
two-word sequences, rather than complete sentences, and so
could sometimes give syntactically inappropriate predictions.
This new sentence-level approach eliminates this possibility.

DISCUSSION & IMPLICATIONS

It 15 likely that Syntax PAL will help more with some of the
types of error mentioned above than others. For example, con-
sider the sentence It birthday Sheila, for It is Sheila's birthday,
whick was written by one of our non-speakers. It contains
three errors. The verb is has been omitted, as has the 's on the
end of Sheila; also Sheila and birthday have been reversed.

A user of Syntax PAL would initially be given the five predic-
tions /, We, It, The. He. It could be selected immediately with
one keystroke. The predictions then change to is, was, went,
has, had. The writer is thus reminded that is would be an ap-
propriate word to follow /t.

Assuming that is is selected, the next set of predictions will be
the, going, a, my, it. There is nothing here to prompt the
writer to begin writing Sheila rather than birthday, and once a
wrong initial letter has been typed, Sheila will never be pre-
dicted. However, since birthday belongs to a word class
which cannot, according to the limited grammar of Syntax
PAL, come immediately after /r is, this word will be given a
low priority for predictions. The writer will thus have to type
quite a few letters of birthday before 1t 1s predicted. Funher-
more, when birthday is predicted it will appear in a special
place in the prediction list, that is, after one or more suffixes.
This place 1o the prediction list is reserved for words which the
program has classified as ungrammatical in this context.
Therefore the wnter is given an indication that something s
wrong.

Assume that the wrter realizes what went wrong, deletes
birthday. and begins to type Sheila. After two or three letters
(depending on the exact content of the user dictionary)
Sheila’s will appear; Sheila will only appear later in that list.
or in a later prediction list if the wnier ignores Sheila’s and
conunues to type. Both /t is Shetla and It is Sheila's are gram-
matically correct: but Sheila’s is predicted first, because the
system's knowledge of grammar inciudes frequency statistics.
and sentences with the structure of /¢ is Sheila's appear more
frequently than sentences like #f is Sheila in thbe collection of
children’s writing used to teach the program its grammar.
However, the system wil) gradually adapt to the specific style
of an individual using it. and therefore the order of prediction

of Sheila and Sheila’s could conceivably change in time for a
particular user. The grammar only adapts to the user’s correct
babits, and doesn’t learn mistakes.

Prediction has offered some degree of help for each of the
three mistakes in the above examgle, but is more immediately
belpful for some of them than others. It is proposed that any
mustakes which are made despite this help can be corrected ina
postediting phase.

We are looking at two complementary ways of helping post-
check for grammatical mistakes. One way is using a speech
synthesizer to read back what has been written, as it has been
found that non-speakers, in particular, can be heiped to find
their own mistakes by having their work read back to them.
The second way is to use a syntax checker to find potential er-
rors and suggest possible corrections, which the writer can
choose from or reject. We are investigating how best to com-
bine these two approaches to postediting.

Grammatical belp can be provided in a postediting phase, but
Syntax PAL aims to help the writer avoid making mistakes,
rather than merely correcting them afterwards. In conjunction
with postediting tools, it may be used as a language prosthesis
for some users, or a language learzing tool for others. We are
currently evaluating Syntax PAL with a group of ten young
people who have significant problems with written grammar,
and further development will follow when its performance has
been assessed.
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PREDICTIVE RETRIEVAL OF CONVERSATIONAL NARRATIVES

IN AR AUGMENTATIVE COMMUNICATION SYSTEM

Annalu Waller, Liz Broumley, Alan F. Newsll & Norman Alm
Microcomputer Centre, Dept. of Mathematics and Computer Science,
University of Dundes, Scotland, UK.

ABSTRACT

Augmentative communication devices can enable non-
speaking people to speak using phrases and
sentences. Although conversational narratives play an
important part in  conversation, augmentative
communicators seklom sequence sentences to form a
narrative because of the physical effort involved. This
paper reports on the progress of a system which
provides an efficient :torage and retrieval system
which eliminates much of the effort required to tell
stories [1].

INTRODUCTION

Current communication systems for non-speakers are
based mainly on letters or words as the basic unit
selected, although some use is also made of phrase
and sentence storage. Yet, as Clarke and Clarke
report [2]:
"... hardly any of our day-to-day use of language
stops after one sentence. People engage in
conversations, stories, gossip and jokes that consist
of a succession of sentences in a highly organized
social activity.”

Conversational narratives provide a communicalive
way of forming experience and relating past
experience (3], and play an important part in an
individual's social and educational development. Very
few augmentative communicators, however, use their
devices to engage in impromptu stories, gossip or
jokes as the physical effort needed to produce the
text is too great. Competent communicators will
often ask friends to transmit longer communication,
while others prepare stored texts before delivering
lectures or attending meetings. But, the retrieval of
large chunks of lext within a conversation is rare
because of encoding demands.

Instead of placing recall burdens on the user, our
research atlempts to release the user from having to
remember what and where specific information is
located by using semantic information about the user
and the conversation environment. That ¢nables non-
speaking people {o relate experiences, stories, efc. - a
communication activity which, up to now, has been
impossible.

A prototype system has been developed which
contains the semantic information necessary to
retrieve pre-stored narratives without the user having
to do the equivalent of a database search, while trying
to hold a conversation at the same time. Prediction cf
narrative texts and assisted searches for requested
texls are performed on the basis of minimal input from
the user and, once a conversational narrative has been
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selected, & natration procedure allows the user to step
through the text at their own pace.

The organization and characteristics of conversational
narratives were identified in a literature survey and
were used o design the specifications for a narrative
storage and retrieval system.

A prototype of this system, called "Prose" (Predictive
Retrieval of Story Extracts). has been developed on
an Apple Macintosh compuier using Prolog. "Prose”
is integrated with an existing conversation system,
"TalksBack”, thus providing a total communication
system [4]. Like "Prose", "TalksBack™ uses social and
pragmatic knowledge to predict conversational
utterances. Similarly, the algorithms it uses reduce the
cognitive load on the user, and it enables the non-
speaker to take a wide range of conversational réles.

A DATABASE SYSTEM FOR CONVERSATIONAL
NARRATIVES

Several techniques from the field of artificial
intelligence have been used to simplify data retrieval
and thus reduce the cognitive load and physical
interaction associated with keyword searching and
browsing. The database structure [1) has five distinct
components:

A - the user inierface (including story narration),
B - the relrieval system,

C - the current environment (i.e. identilication of
communication partner, conversational mood,
subject),

D - the knowledge base, and
E - narrative texts.

Each narrative text has associated with it information
which is used to describe the narrative. Figure 1
shows examples of the types of information which are
used in association with the knowledge base.

The retreval of a specific conversational item uses the
current environment settings to find probable choices
for the next conversational item. This sub-set of
items will include narratives which are assogiated with
the current and preceding environments in any way.
The prediction algorithm (Figure 2) first eliminates
those narratives with obvious clashes, e.g. the listener
has heard, or is not permitted to hear a parlicular
narrative.

When a sub-set of items has been identified, the
current environment is matched with each item using a
weighting procedure. Associated terms and concepis
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are identified using the knowledge base and weights
are assigned accordingly. The closer the match, the
higher the weight associated with the conversational
item.  These weighed items are ordered using
frequency and date information to form the Ilist of
probable narratives offered to the user.

Tide of narranve
text fite

Frequency ~f ase
Assecuaes Subjects
wd waghungs

/ Creanon Jate
\ STORY TEXT /

Mood Once | weot (o fetch

sbaxof ...
Lisscaer Profilte /

O me o femaie

0 culd O aduh \’ \
Indiiduals

already 10id Atgauve charactensacs
(type of persom cacluded)
o rhave O fnead
o bos .

L Posiuve charxciensucs
itype of perion who can
be told)

O reltnve O fnend
0 bows et

FIGURE 1
Information stored with each narrative text

caleulate weighnng
list for corrent
subject & partace

Y

find aJl uory assermons
which ok partner
chanactenstcs &
cuntent mood

—>—3

look ® went story
assernos 1 hist

sort nuaiching
stoaies 10 order of
weighting

Expeod sabpcts & weigh
tgainst cntem lid.
Assert swery ule &
weightiag.

I

FIGURE 2
Flowchart of prediction procedure

STORY NARRATION

Once a narrative has been selected, the user is able to
narrate the story by selecting successive lines of text.
These lines are highlighted aulomatically and can be
spoken or skipped. Additional text can be added
during the narration.

EVALUATION

Usser trials and evaluation of "Prose" will begin in
January. Two non-speaking stroke clients, who have
baen using "TalksBack™ for the past six months, will
devslop their own natative databases. A series of
conversations with family and strangers will be
evaluated to see in what ways the avallability of
narrative retrieval affects the efficiency of their
conversation. It is hypothesized that a narrative
capability will enhance the communication potential of
augmentative users.

FUTURE DEVELOPMENTS

Once the Initial evaluations have been completed, we
will develop the system further, incorporating ideas
gained from practical use of the system. We will
concentrate on areas such as story narration and
pragmatiés, and also the inter-relationship between
the different levels of communication will be
investigated further.
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Knowledge Representation Considerations for a
Domain Independent Semantic Parser

Mark Jones, Patrick Demasco, Kathleen McCoy, & Christopher Pennington
Applied Science and Engineering Laboratories
University of Delaware/Alfred I. duPont Institute
Wilmington, Delaware USA

Abstract

We have previously presented the overall system de-
sign for the Compansion system and have discussed
further enhancements to the parsing component that
provides domain independent processing. In this pa-
per, we discuss the knowledge representation scheme
currently under development. The major improve-
ments include a hierarchical-based lexicon represen-
tation, the use of case frame preferences for word role
disambiguation, and improvements to the parsing log-
ic that increase the overall system robustness.

Background

This work is part of an augmentative communication
project being conducted at the Applied Science and
Engineering Laboratories at the University of Dela-
ware and the A.l. duPont Institute. The goal of this
project is to increase the communication rate of phys-
ically disabled individuals via Natural Language Pro-
cessing techniques.

We wish to take as input a compressed message (i.¢.,
one containing mainly the content words of the de-
sired utterance) trom the disabled individual and gen-
erate a syntactically and semantically well-formed
sentence. For a description of the Sentence Compan-
sion system and the Semantic Parser’s role in it see,
(McCoy et al., 90). This paper builds on the previous
work by describing recent insights into the knowledge
representation scheme used by the semantic parser.

Statement of the Problem

The Semantic Parser (see also (Small &Rieger, 82)) is
responsible for determining the semantic role being
played by each input word. It must determine which
word is the verb, what role each noun phrase plays
with respect to the verb (e.g., actor, theme), and what
modification relationships are present.

These inferences must be based on stored knowledge
about individual words and possible word relation-
ships. In our previous efforts, we utilized a a non-hi-
erarchical word categorization scheme, and
represented possible word relationships with relat.ve-
ly simple deterministic heuristics. While this ap-
proach proved satisfactory for relatively small
vocabularies and simple sentence structures, it be-
came necessary to consider substantial improvements
to this aspect of the parser. In addition, we wanted to

increase the robustness of the parser to accommodate
ill-formed input.

Approach

Our approach is based on a Case Frame-based repre-
sentation of sentence structure with word roles stored
in hierarchical data structures. Heuristics employed
to fill Case Roles represent uncertainty with prefer-
ence scales. These preferences allow us to calculate a
total confidence level for each potential parse. Finally
enhancements to the parser logic allow us to infer the
likely role of a word that is not explicitly stored in the
lexicon.

Case Frame Representation
The output of the parser is in the form of Case Frames

(Fillmore, 77). The main idea behind case frames is
that in a sentence there is a fixed number of roles that
objects can play with respect to the main verb. Given
the input: [John break hammer}, the parser will return
the semantic parse below.

({43 DECL
(VERB (LEX BREAK))
(AGEXP (LEX JOHN))
(THEME (LEX HAMMER))
(TENSE PRES)))

This parse is consistent with the sentence, “John
breaks the hammer.” The first line gives a confidence
value for the parse, and says that this is a declarative
sentence. The second line states that the main verb of
the sentence is break. The third line states that the
AGEXP (doer) of the break action is John. The next
line says that what is being broken is a hammer.

Given the input: [John tell Mary Joke Sue], the parser
will return (among others) the semantic parsc helow.

(71 DECL
(VERB (LEX TELL))
(AGEXP (LEX JOHN))
(THEME (LEX JOKE))
(GOAL (LEX MARY))
(BENEF (LEX SUE))
(TENSE PRES))

This parse is consistent with the sentence, “John tells
a joke to Mary for Sue.” There are a few new cases
that should be explained. Note that the THEME is
Joke and not Mary; joke is what is being told. Mary is
the receiver, the GOAL. Finally, the act is done for
Sue; she is the BENEFiciary.
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Knowledge Representation

The knowledge used by the parser must be as great as
possible because it cannot rely on syntactic informa-
tion. Also, this knowledge must be domain indepen-
dent. The parser utilizes several knowledge
hierarchies of which two are particularly important.
The object hierarchy captures generalizations about
nouns. The verb hierarchy captures generalizations
about verbs. The main verb of the sentence is key in
predicting the semantic structure of the sentence. The
layout of the verb hierarchy is motivated by work in
systemic grammar (Halliday85). There are two general
types of heuristics: Those that are stamantic in nature,
and those that are more idiosyncratic to the verb, more
syntactic in nature.

Idiosyncratic Case Constraints

The idiosyncratic case constraints are called idiosyn-
cratic because they are attached to individual verbs,
rather than inherited. There are two key properties
that can be associated with each verb. They are Man-
datory and Fort ‘dden. For example, the verb hir re-
quires that the 1.{EME be filled. The mandatory
feature allows this to be represented. On the other
hand, hit cannot accommodate a GOAL. This can also
be represented in the system. This relates to tradition-
al linguistics. Typically intransitive verbs forbid the
filling of the THEME case: die cannot have a theme
Words other than bi-transitives typically forbid filling
the goal case: give can have a goal. The most common
situation, that of the verb neither forbidding nor re-
quiring a particular case, is represented by the absence
of either feature.

Semantic Case Preferences

The semantic preferences differ from the syntactic
predictions in a number of ways. First, these semantic
preferences are not as definite, they are much fuzzier
in nature, thus the term preference. These preferences
are the basis for the heuristic values given to the out-
put interpretations. Second, unlike the constraints,
these semantic preferences are general enough to be
inherited down a hierarchy of verbs. Third, these se-
mantic preferences are closely tied to the object hier-
archy. The case constraints have no interest in how the
object knowledge base is structured.

Semantic preferences rely on a numeric scale ranging
from 1 for low preference to 4 for high preference. In
this scale, T and 4 are for special cases. 4 signifies that
the binding is exceptionally appropriate. 1 signifies
that the binding is only appropriate in special cases.
For normal situations, the ratings of 2 and 3 are used.
At this point, this granularity seems appropriate for
our level of inferencing.

Case Importance Preference - This preference repre-
sents how important it is to fill a particular case in the
frame. This is much more flexible than mandatory and
forbidden which were described previously. For ex-
ample, with material verbs such as kick, it seems
ruch more likely that the role of THEME will be
fitled than that of BENEFiciary. To represent this, a
higher value (3 on the 1 to 4 scale) is given as the pref-
erence of filling the THEME case, while a lower value
(1) is given as the preference for filling the BENEFi-
ciary case.

Case Filler Preference - This preference is directly re-
lated to the object hierarchy. Here, what kinds of ob-
jects should be playing the role is rupresented, this
along with a preference of how reasonable such a
binding seems. For example, the preference for filling
the BENEFiciary case for most verbs is: ((human 3)
(organizat 2) (arimate 2)). This means that 3 points
(again on the 1 to 4 scale) are given for binding a hu-
man in the given role. A binding of organizations,
such as the A.C.L.U., or animate objects yield two
points. This specification may seem ambiguous, is not
any human also animate? True, the solution used in
this system is that if a binding can achieve more than
one score, the highest of the scores is used. Also note
that a list such as the one just given is considered ex-
clusive. In this example, it means that any verb fol-
lowing the stated pattern for BENEFiciaries will not
allow objects that do not have as ancestors one of the
three types given. A chair (inanimate object) would
nct be considered as a BENEFiciary.

The inheritance mechanism for the case importance
and the case filler preferences is rather simple. Those
preferences stated by the highest ancestors of the verb
hold preferences that are reasonable in general. If con-
flicting information is given by more specific (lower)
ancestor of the verb, the more specific information
will be recognized.

Higher-Order Case Preferences - The mechanisms for
Fill-Case and the Fill-Cass-with-what preferences are
limited in scope only to one role at a time (e.g., BEN-
EFiciary). The Higher-Order Preferences fill the aeed
for some more unifying heuristics With this power we
can represent the following: If a non-human animate
(e.g., dog) is the AGENT of a material process, it is
quite unlikely that an instrument is being used.

Unknown Words

The power of this knowledge representation scheme
iprovides robustness in parsing ability. The systeniis
able to make some sense out of unknown words
present in the input stream. If the parser knows the
main verb of the sentence it can infer the role of the
unknown word and the type of object that is repre-
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sented. The parser assumnes that an unknown word is
an object. It then creates muitiple senses of the un-
known word; one sense for place, tool, food, etc.
These senses are choscn to cover the range of objects
yet 1iut be ico specific. Because multiple word senses
are treated as mutually exclusive, it tries each sense
separately. The heuristic ratings allow the interpreta-
tion(s) with the best word sense to rise to the top, and
a moderately intelligent guess of the unknown word is
achieved. The information inferred about the un-
known word can be passed on to and referenced by the
processes that follow the semantic parser. The table
below lists several examples followed by the case that
the unknown word (XXX) is interpreted to fill, and
the type of object in the object hierarchy that the ob-
ject is interpreted to be.

{John break window XXX]
[John eat XXX fork]

{John eat pizza XXX]
[John telt XXX Mary]
[John go XXX]

[XXX carry paper]

INSTR tool
THEME ingestible
INSTR tool
THEME abstract
LOC place

AGEXP animate and er-
gative-obiject (tie)

Implications

This approach takes advantage of several important
generalizations. First, the object and verb hierarchies
capture needed generalizations. Also, the preferences
are distributed among the verbs in a motivated man-
ner. This approach lends elegance to the system, and
makes it easier to enhance

Distinctions between the knowledge have been well
placed. First, scparating the idiosyncratic constraints
(what roles must and must not be filled) from the pref-
erences (what roles should be filled, and with what) is
useful. This is key to the elegance of the knowledge
hierarchies, because such behaviors cut across differ-
ent dimensions. The notion of transitivity was used to
explain the more syntactic knowledge. Such knowl-
edge as transitivity clearly cuts along a different di-
mension than that of meaning. For example, the parser
encodes the words eat and swallow as semantically
equivalent. However, swallow cannot typically have
an instrument, while eat may.

Previous approaches to representing such knowledge
have not distinguished between that captured in case
importance and case filler preferences. Without this
distinction, statements such as those of case impor-
tance cannot be made. Recall, that for many material
verbs, such as hit, filling the THEME role is very im-
portant. But without such information, the parser
would mistakenly consider Mary in [John hit Mary] a
BENEFiciary, because, other things being ecqual, pco-
ple are highly correlated to the BENEFiciary role.

Another major advantage of this system is its use of
heuristics. Not only can the system handle [John
break hammer], but also [John break hammer win-
dow}, where hammer now plays a different role (In-
strument). Through its robust heuristics, it can
recognize the preferred interpretation of this message.

Discussion

Although the parser has been radically changed in the
last year, it already captures the functionaiity of the
previous system, including inferring agents and verbs
in some situations.

With these theoretical improvements in the semantic
parser, we come closer to our goal of making avail-

able an augmentative communication system which

takes advantage of the power of research in the field
of Natural Language Processing.
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Abstract

A communication aid which incorporates a parser with limited
intelligence 1s under development, and is intended help individ-
uals with aphasia to communicate. There are three important
issucs that must be addressed in the design of such a system:
language representation (how to represent words, phrases, and
lopics in a way accessible to a person with aphasia), vocabulary
sclection (which words, elc., to include in the system), and syn-
tacuic and pragmauic defaults (what kind of sentence structures
should be included in the parser’s gencrative capacitics). This
paper cxplores a methodology for designing an intelligent com-
munication device that pays particular attention Lo these issucs.
Much of whal is discussed should also be uscful for designing
conventional communication systems as well,

Background

The term aphasia refers to an acquired disturbance of comnw-
nication resulting from damage to areas of the brain that are
responsible for language function. Aphasia varies in terms of
severity and predominant symptoms, but for most pcople, apha-
sia involves problems in talking, listening, reading, writing, and
gesturing. Other motor and sensory problems, such as dysarthria
and apraxia, frequently coexist with aphasia (Katz, 1990, p. 167).
Defining aphasia in terms of gencral versus specific language
impairment leads to controversy aboul classifying persons with
aphasia into various types.

Those who requirc classification of specific impairment (Rosen-
bek, LaPoint, & Wertz, 1989; Goodglass & Kaplan, 1972;
Kertesz, 1979) divide aphasic patients into groups according to
salicnt symptoms. There arc numcerous classification systems.
Some of the most popular systems reficct universatly observed
symptomatic differences. Some people with aphasia talk a lot,
while others speak very little, leading to the binary classification
of fluent versus nonfluent aphasia (Goodglass & Kaplan, 1983b).
Sornc aphasic paticnts have predominant probiems in understand-
ing and others have predominant problems in word finding. Thus
classification may be made on thesc bascs: expressive-receptive
aphasia (Weisenburg & McBride, 1935) versus taxonomic cate-
gorization of aphasia (Kertesz, 1979).

Supporters of the generalist approach (Darley, 1982; Schuell,
Jenkins & Jimencz-Pabon, 1964) resist categorization, and main-
tain that patients suffering from aphasia have in common symp-
toms which can be described as impairment of the capacity for
interpretation and formulation of language symbols. Such symp-
toms include multimodal loss or reduction in efficiency of the
ability to decode and cncode conventional meaningfut linguistic
clements (such as morphemes and larger syntactic units), reduced
availability of vocabulary, reduced cfficiency in application of
syntactic rules, reduced auditory retention span, and impaired
efficiency in input and output channel selection (Darley, 1982).

Augmentative/altemnative communication (AAC) systems which
would be uscful for people with aphasia must incorporate fea-
tures which address both the diversity and the comimonality of
this population. For examplc, it may sccm as though a system
which provides speech output for pre-stored sentences might be
quite successful for an individual with aphasia who is unsble to

formulate and articulate his or her own sentences, However, a
sentence vocabulary can be difficult to process for many indi-
viduals with aphasia, because they may have difficulty placing
a sentence lexicon into working memory. Pictorial rather than
orthographic indices have been shown to improve the ability of
some aphasic individuals to access vocabulary (Stecle, 1987),
yet a system making usc of single-meaning pictures requires a
picture for each vocabulary item, making it impractical for all
but the most limited vocabularies. The generative power of a
word-based system has been deemed beyond the reach of many
individuals with aphasia owing to their problems with syntax and
lexical access, although some systems with elaborate hierarchical
indices have been proposed (Steele, 1987).

Identifying the major needs of a broad range of individuals with
aphasia would scem 1o supply a direction for AAC application of
technology. Kraat (1990) states that early rescarch and clinicat
reports suggest that AAC techniques might have three important
roles in aphasia treatment:

“First, as a compensatory or alternate means of
communication in ficu of spoken language, secondly,
as a facilitation technique for the re-acquisition of spo-
ken language skills; and thirdly, as an associative 'link’
1o cnable spoken language skills to take place.” (p.
322)

The task of this paper is to report recent cfforts and progress
tow?rd providing a means of accomplishing the first role. A new
type of clectronic communication device geared toward speech
output for this population is currently under development. The
hope is that the device will help people with aphasia to overcome
voth the lexical access problem (by providing an appropriate in-
terface for word sclection) and the syntactic production problem
(by providing an intelligent parser that can gencerate well-formed
sentences from an underspecified input).

Statement of the Problem

The first problem that arises in the design of @ communication
aid for people with aphasia is the representation of vocabulary,
It is a challenge to represent a large vocabulary in a transparent
manner for individuals cxperiencing substantial lexical access
probicms. The iconic technique under cxploration may provide
individuais with a cognitively syntonic representation of scveral
hundred words.

Even with a transparent language representation, the size of the
vocabulary that such an individual can access is necessarily lim-
ited. The second probiem, thus, is in selecting an appropriate
vocabulary. The vocabulary must be large cnough for gratifying
interaction, but smail cnough so that its access does not over-
whelm an individual with aphasia,

‘The goal is to provide an individual who has less than complete
syitax with the ability to create well-formed sentences by en-
tering just a string of content words. Thus, the third probiem
that must be addressed is configuring the syntactic prosthesis.
The intelligent parser must be able to give an interpretation that
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is complete yet appropriate to the user’s style and nceds. It is
certainly possible to decide in advance that ccriain more likely
interpretations shall be made for given types of sentences, but
the system must have a meciianism for incorporating the default
interpretations that best fit the particular individual.

A large number of individuals with aphasia cxperience their le-
sions in the 7th or 8th decade of life. As adults reack their 60s,
70s and 80s, there arc changes in many aspects of their lives.
One of the areas that reflects this change is the way people of
this age take part in conversation. Older persons arc listencd 1o
in ways that are differcnt from younger persons. Information
expected from older persons is, at least in part, determined by the
age-grade role, The type of request for information from them
is often performed as though the aged person was a repository
of cultural lore. It is hypothesized that this role, along with in-
herent biological changes, may causc older persons to recall and
recode into a story-like mode, which often reficcts the extensive
claboration of memory information and serves to make it highly
digestible for the listencr (Mergler & Goldstein, 1983).

The forcgoing paragraph serves to illustrate the notion that cl-
derly individuals, who comprise the majority of individuals with
aphasia, have quite different communication needs from those of
the general population. %his certainly has an impact on the size
and content of an effective vocabulary for such individuals; the
story-telling mode of communication requires a rich vocabulary
which may intersect with, but is not limited to, the everyday vo-
cabulary most often associated with clectronic communication
aids. In addition, the types of sentences favored by these individ-
uals can impact on the type of syntactic processing that should
be available in a successful syntactic prosthesis. For cxample,
the use of anaphora, ellipsis, and conjunction decline with the
age of the storyteller and with the complexity of the narratives
(Kemper, Rash, Kynette and Norman, 1990),

Approach
Language Representation

A common problem cxpericnced by people with aphasia is the
failure to access the lexical items which correctly express the
semantic meaning the individual wishes to communicate.  An
iconic interface may be helpful to such individuals because 1t
may be casier to identify pictures or icons which represent the
meaning they wish Lo express. In order to make this reasonable
in terms of the physical layout of an interface, it is not cnough
10 use single-meaning kcy actuations, since this would requirc
an interface with 300 keys to represent 300 words. Instead, the
project utilizes an iconic representation approach requiring two
key actuations for each selection, which can therefore represent
300 words using far fewer keys. Consider, for example, the
selection of the noun sleeve. The first actuation would be of a
key representing the scmantic category of the desired noun (c.g.,
CLOTHING). The second key in the scquence would be sclected
from a sct of more complicated icons. implicitly representing
items from several semantic categorics. The multiple meanings
associated with the second icon would be disambiguated based
on the first sclection. For example, if CLOTHING has been
sclected, then an icon picturing 8 POLICEMAN might result in
the sclection of the noun hat, while the sclection of an ARM
icon illustrating an arm holding an ice crcam conc might result
in the sclection of the noun sleeve. Note that the same icons can
trigger different nouns if a different category has been chosen,
c.g., selecting the ARM icon when the FOOD icon has been
sclected might give us ice cream.

'The utility of such a representational scheme is being developed
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through intcractions with able-minded ind.vidualsin their 7th and
8th decades, as a prelude to testing on individuals with aphasia.
We hypothesize that this representation technique will support
lexical aceess of several hundred lexical items for this population,
using & relatively small number of keys.

Vocabulary Selection

Our goal is not merely to provide an unstructured “word list”
for this sct of clients; rather, we feel that the following steps
are neccssary in the creation of a complete modcl of the client
vocabulary:

o Corpus Acquisition. Using appropriate data collection tech-
niqucs, a large represcntative corpus is gathered.

¢ Language Analysis. The corpys is analyzed in order to
answer the following questions about the language model:

. What words and classes of words are uscd?
. What syntactic structures are commonly used?
. What semantic concepts underly the communication?

. What pragmatic goals arc cvidenced in the communi-
cation?

o Language Model. The results of language analysis are com-
piledintothe lexicon, syntactic rules, and semantic concepts
nceded to design and implement the communication aid.

Syntactic Defaults

The job of the intelligent parsing component in a communication
aid is to determine which of the available syntactic pattemns best
fits a particular input given by the individual with aphasia. The
knowledge required to perform this task successfully resuits from
the construction of a language model for a particular clicnt group
(Fristoc and Lioyd, 1980). Construction of the language model
will reveal pattemed relationships between what the individual
wishes Lo express and the syntactic pattens commonly used by
non-aphasic individuals in similar lifc circumstances.

Once the client has selected a sequence of icons that express the
intended communication, the parser must “fill in the gaps” left
behind owing to a lack of syntactic knowledge on the part of the
client. Some individuals with language loss are prone to lapses
in correct word order and the omission of function words, such as
determiners and prepositions. For example, the user might key
in the icon sequences for the words TABLE CUP PUT when
the intended communication is Put the cup on the table. In this
case, the intelligent parser must determine that CUP is the object
of PUT, and that TABLE is the locative of PUT, and reorder
the words appropriately. The parser must also add any missing
determiners (like the) and prepositions (like on).

Implications

Corpus Acquisition. Cerebro-vascular accidents (CVAs) causing
aphasia often strike individuals in their 7th and 8th decades (60°s
and 70’s). Stuart and Beukelman (in press) examine the topics
and lexica used by 5§ non-aphasic individuals in this age group.
While these individuals are not aphasic, it is reasonable to expect
that their vocabulary and syntax needs are similar to those of
#*hasics in this age group (Holland, 1975). Beukelman and Stu-
art’s data collection methodology has resulted in the recording of
a large amount of previously unavailable data conceming the vo-
cabulary and topics prevalent in an age groupcommonly affected
by aphasia. These data and the language corpora resuiting from
Stuart’s subsequent work (Stuart, forthcoming) form the basis of
the vucabulary being developed.
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Language Analysis. The analysis of the acquired corpus in-
volves morphological and syntactic analysis of eack sentence (o
determine not only the actual word forms present, but also the
underlying lexical form and inherent meaning of each word. For
cxample, the verb throw can appear in various surface forms, if a
system fails to perform morphological analysis, it will be unable
1o determine that throws and threw are both forms of the same
verb. In addition, if we fail to perform syntactic and seman-
tic analysis, we will conflate the occurrence of a single form of
throw in sentences like John threw up and John threw the ball.
The key point is that the same surface form can be used to in-
dicate different meanings, depending on the surrounding words
(i.c., syntactic structure). It should be noted that syntax is suf-
ficiently rich to render incfectual the use of simple two-word
co-occurrences; for cxample, in John threw his hands up, an en-
tirc noun phrase is intcrposed between the verb and its particle.
In this case, the verb and its particle can only be related through
amore complete syntactic analysis. Without this type of detailed
analysis, broad classes of words (such as phrasal verbs, non-
neighboring cotlocaticns, cic.) cannot be distinguished on the
bass of key-word analysis culy. Itis also difficult 1o appreciate
the pragmatic communication goals of the clicnt group unless this
type of analysis is performed, since the overall desirc expressed
by a particular communication act depends quite heavily on its
syntax and scmantics.

Language Modei. Once the corpus has been analyzed, a lan-
guage model is constructed that includes not only the sclected
vocabulary, but also a set of syntactic construclions, praginatic
goals, and semantic concepts thal must be present to support
communication by the clicnt group. This is necessary o support
the subsequent design and dcvclopmcnl of a comrnunication aid
for the particular clicnt group, since not only the vocabulary it-
self but also the syntax, scimantics, and pragmatics must also be
encoded in the device (MeCoy, ct al., 1990).

Discussion

Theuseof intelligentparsing in augmentativ e communication has
been a distant dream for many years. The actual development of
such a system is now at hand. Older adults with aphasia have
been sclected as its first tasget population, because the needs
of this community are underserved, and the potential bencfits
of intclligent parsing arc great. A substantial corpus, reflecting
the actual specch and language use of this population has been
gathered and is now the object of atiention by computational
linguists and speech pathologists in 3 major centers of rescarch.

Some form of intelligent parsing may hold great promisc in the
design of AAC systems for aphasic individuals. The strengths
of intclligent parsing (filling in missing words and rc-ordering
scrambled input) complement the difficultics of individuals with
reduced language function, In addition, an intclligent parsing
system that utilizes an iconic interface can make that capability
available in a pictorial form that might be casier for aphasics to
access, thus addressing the important problem of lexical access
faced by individuals with aphasia.

To make intelligent parsing successful for a broad rangc of chients,
we must envision not a single systent with a single vocabulary,
butseveral systems with vocabularies tilored for particular client
groups and indeed particular clients. The cffectiveness of intelhi-
gentparsing techniques can only be as cffactive as the the amount
of care taken Lo acquire and support the vocabulary and language
model required by the particular client or ¢hicnt group.  Nole
We are not suggesting that our initial corpora vocabulary will in
isell be sufficient for all clients, Indeed, the content of individ-
ual stories” must be client speeific, and will draw on bolh the
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common vocabulary and a vocabulary specific to the particular
clicnt. The client-specific vocabulary must also be acquired and
made available in the communication aid. However, analysis of
the collected corpus should provide us with a sct of contextual
guidclines which will make it much casier 10 query close family
mcmbers for vocabulary content specific to a given individual in
specific communication situations.
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ABSTRACT

Three computer input devices were used to determine
if diffcrences in physical ability result in differences in
mental workload as measured by working memory
capacity. The three devices were a voice input system,
trackball, and two-degree-of -frecdom keyboard with
headstick. Subjects with corebral palsy used the three
devices 1o perform a dual-task and their results were
compared with those obtained from a sample of noa-
disabled subjects. The dual-task consisted of
transcribing a word while remembering a number.
Working memory capacity was delined as the maximum
numbecr of digits remembered correctly,

The values for working memory capacity were
normalized using the results from the Digit Span test
from Wechsler's Adult Intelligencee Scale. Results
showed no significant difference in normalized memory
capacitics between the two groups when using the
diffcrent input devices. However, there were
significant differences between devices and trials for
both groups.

INTRODUCTION

Recent legistation has made it mandatory that al)
government office equipment, inctuding computers, be
acceasible for persons with disabilitics. As computers
gain broader acceptance in the workplace, a wide
varicly of computer input devices are being devetoped.
These devices may require different mixes of physical
and mertal abilitics. These deviees may or may not be
cffective for individuals with disabilitics.

Rescarchers have concentrated on physical
performance aspects, such as keystroke rate and
keystroke accuracy. when evaluating input devices. This
is also the sitation in the development of
augmentative computer input systems for persons with
disabilitics (Rosen and Goodenough-Trepagnicr, 19%0),
However, barricers to computer accessibility may be
prescated not only by physical and sensory components
of computer systems but by their cognitive
requirements as well (Cress & Goltz, 1989),

In this study. an attempt was made to quantify the
relative cognitive load of three non-standard inpat
devices by determining their effeet on working memory
capacity. These values were used along with scores
from a Digit Span test to obtain individually
normalized asscssments of memary capacity. The
objective was to determine whether differences in
physical ability resultin sigaificantly different values
for normalized memory capacity. A higher working
memory capicity for a deviee indicates that more

mental cffort is required Tor its use. Because of a
reduced level of physical dexterity, the group of
subjects with cerebral palsy were hypothesized 1o
require greater mental effort 1o use a particular device.

METHODS

Subjeets

Five individuals with cerebral palsy and five individuals
with no physical disabilitics participated as subjects in
this study. Both groups consisted of four males and
onc female.

Apparatus

The input deviees used were as fallows: BUG Voice
Command System (Command Corp., Inc.), FastTRAP
Trackbalt (Microspecd, Inc.) with @ screen displayed
heyboard (Frechoard from Pointer Systems), snd two-
degree-ol - frecdom kevboard with headstick (Johnsan,
1980). At heyboards were presented with the Tetiers
arranged inanr alphabetic order. The voice system
required alphabetic input with a military atphabet.

Procedure

Working memory capacity was measured using o dual-
Lash computer program written in Quick Basic (Turncer
and Engle, 1989). Each subjeet was presented with a
word-numbcer pair. The primary wash involved
inputting the word that appeared on the computer
monitor using the different input devices. The words
were selected randomly from a tist of 204 commonly
used words which were 4-6 fetters in Iength, The
sceondary taskh was 1o remember the number that
appeared next to the word. These numbers were
randomly generated between 1 and 9. I the subject
input the rumber correctly, the nest set consisted of
two word-number pairs. Each time the subjeet input.
the appropriate numbers in the correct sequence, the
number of word-number pairs increased by one. If the
subject made a mistake, the program would retreat to
the previous set size. Working memory capacity was
delined as the maximum number of digits which could
be recatled correctly.

IZach subjeet had a minimu.a of three trials on cach
device. Testing contirued until the value for working
memory capacity for the current trial was cqual to or
tess than the value from the previous trial. Onee a
subject completed testing on all three deviees, he or
she was given the Digit Span test from Wechsler's
Adult Intelligence Scale. This Digit Span test was o
measure of memaory capacity without a sceondary tash
or device load. By dividing cach subject’s values for
working memory capacity on cach device by their Digit
Span test seore, an individial specific rormalized value
for memory capacity was obtained.
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RESULTS

An analysis of variancc (ANQOVA) was performed.
The results showed no significant difference in NMC
(normalized memory capacitics) between the two
groups. However, the device and trial factors were
both significant. Post-hoc analysis using Duncan’s
multiple range test (a = 0.05) showed no significant
diffcrence between the twa-degree-of frecdom
keyboard and the trackball. The valuc far the voice
input system was significantly lower (Figures 1 and 2).
Duncan’s multiple range test (@ = 0.05) also showed no
significant diffcrence between trials 1 and 2, however
trial 3 was significantly highcr (Figurces 3 and 4).

NOVYA Summary for NMC
Source SS MS dF

Modcl 4465 0.179 25
Error 1.341 0.021 64
Total 5.806

Sourcc SS dF pr>F

BETWEEN GRCUP
Group 0.003
Error(Sub(Grp)) 3.580
WITHIN GROUP
Device 0.321 2
Grp*Dev 0.068 2 1.62  0.2062
Trial 0.457 2 10.91 0.0003
Dev*Trl 0.010 4 0.37  0.8856
2
8

0.9336

7.65 0.0011

Grp*Trl 0.007 0.17  0.6447
G*D*T - 0.030 0.18 0.7933

Group: Able-bodicd vs. Cercbral Palsy population
Sub: Subjects (10)

Device: Input Devices (3)

Trial:  Repetitions (3)

Normalized Memory Capacity

R

1 1 o
TB TDOR Yi
DEVICE
Figure 1. Normalized Memory Capacity for
subjects with Cerebral Palsy as a function of

Input Device

Duncan's Multiple Range Test Results {or NMC

Factor Mcan
Device
TDOF KB 0.573 A
Trackball 0.542 A
Voice Input 0.433 B
Trial

Grouping

0.608
0.505
0.435

Other mecasurcs of input device performance indicated
significant diffcrences in the cxpected dircctions.
Similar analysis of variancc was performed on other
dependent measures of Keystroke Efficiency and
Keystroke Rate. Keystroke Efficiency (the ratio of
correct keystrokes to total keystrokes) was significantly
highcr for subjects without disabilitics than for subjects
with cercbral palsy. Devices also differed significantly
on Kcystroke Efficiency for both groups. Keystroke
Rate (keystrokes per sccond) was significantly higher
for subjects without disabilitics than subjects with
ccrebral palsy. Devices also differed significantly on
Kcystroke Ratc for both groups. Neither Keystroke
Efficicncy or Keystroke Rate differed significantly
among Lrials.

CONCLUSIONS

Diffcrences in physical ability did not result in
significant group diffcrences in normalized memory
capacity. Therefore, a lower level of physical ability
did not imply a higher cognitive load for task
performance. The Normalized Mcmory Capacity was
significantly affccted by device sclection. Different

b e

Normalized Memory Capacity

1
TB TDOF vl

DEVICE
Figurc 2. Normalized Memory Capacity lor
Non-Disabled Subjects as a function of Input
Device.
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Horkina Memory

Normatired Memary Capasity

00 1
1.

H
) S
2
. TRIAL
Figure 3. Normalized Memory Capacity for

subjects with Cerebral Palsy as o function of
Trials.

devices imposed different levels of mental workload.
This measure was also significantly affccted by
repetition showing an improvement with expericnce.

One subject with cerebral palsy performed significantly
better with the TDOF Deviee on all three trials than
any other subjeet. This is graphically demonstrated in
Figures tand 3. Although the group with cerebral
palsy did not differ significantly from nondisahled
group. this one subject showed a significantly ine reased
Normalized Mcmory Capacity when using the TDOF
Device.

These lindings must be contrasted with tae results
indicating that diffcrences in physical ability do
produce significant differences in Keystroke Efficicncy
and Kcystroke Rate. Ttis also relevant that these
standard measurcs of device performance did not
improve with repeated trials, while there were
significant differences in Normalized Memory Capacity
with practice. The gencral conclusion is that the
cognitive load required by a computer input device can
have a significant effect on task performance, but the
effect on performance is independent of the level of
physical ahility of the user.
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An Interactive Tool for Visualizing the Biodynamics of Human Movement

Ted Morris, John Trimble & Nick Touras
Rchabilitation Research and Development Center
VA Hines Hospital
Hines, IL 60141

Abstract

A PC compatible interactive computer graphics program
has been developed to aid the researcher or clinician in exploring
new ways to visualize the biodynamics of human movement.
The design goal of the software package is to impose no
constraints on the relationships that can be cxamined. A bricf
description of the software package's features will be discussed
and illustrated. Our future plans include developing an inference
cnginc that can be used to detect and study movement disorders
by studying the spaccs that knowledgeable clinicians use to
analyze human movement.

Background and Statement of the Problem

Although human movement has been analyzed since the
1800's (Muybridge), we still know rclatively little about the
basic laws that govern the complex sequence of biomechanical
and ncural events that accompany a particular movement.
During the past decade, scveral investigators have used
computer graphics to help gain an understanding of these laws.
Computer graphics-bascd models have been developed for
walking, jumping and other activitics (Lanshammer &Lindroth,
1987; Delp ct al., 1990; Rowell & Mann 1989; Moris ct. al,
1986; Lec ct. al, 1990). However, most of these models are
limited: they provide 2 mcans of visualizing only specific
movements, scts of variables or only static displays.
Accordingly, there is a need for a tool that provides clinicians
and rescarchers with a method for understanding these laws.

Ideally, scientific visualization should offer investigators a
means for drawing inferences regarding the causality of events
that accompany particular cvents movement.  Such an
understanding should allow investigators to answer questions
such as: (1) Is there a description of cvents in terms of
topologics (within an appropriate space) that characterizes
particular motion scquences? (2) Can this description be used to
describe the control laws that govern these motion sequences;
and (3) If this description cxists, is it invariant and how does it
change with movement disorders ?

In order to answer these questions, we have developed a
software tool that allows virtually unlimited exploration of the
relationships between the kinematic, dynamic and physiological
aspects of human movement.  Our tool allows these
relationships to be explored casily by people with a minimum
knowledge of computer programming.

Approach

Our package was implemented on a PC-based platform
using an ATVista™ graphics coprocesesor (TrucVision, inc.).
We sclected a mer c-driven, multiple-window, rcal-time
cnvironment as the bas s for our visualization package with the
intent of imposing no constraints on the rclationships that can
be examined.

The software provides a means of defining 3-D and 2-D
interactive windows. Three-dimensional windows may contain
any dynamic or time-variying data which may be observed from
any perspective. These data may include moving vector ficlds,
body scgments (rigid bodics or stick figures) or anatomical
landmarks. The vector ficlds may comprise muscles that arc

created by connecting line scgments between muscle origins and
insertions or vectors that rcpresent joint reaction forces, torques
or instantancous hclical axes. Figurc 1 shows an example of a
3-D motion window that consists of the measured ground
reaction force vector superimposed on 2 vector that represents
the computed trajectory of the wholc-body center of gravity.
This display was used tn determine if relationships between
these variables could be used to derive a low-dimensional,
invariant description of the biodynamics of lifting (see Morris
& Trimble, 1991).

Two-dimensional windows may be used to examine time-
varying relationships as shown in Figure 2. These windows
incorporate moving cursors that provide users with a means of
visualizing relationships between two- and three-dimensional
data. Uscrs may move these cursors forwards or backwards
through data with a variable ratc. Two-dimensional windows
may also be rescaled or rearranged to highlight or remove
specific features of the data.

The software also provides a means for visualizing the
diffcrences between two or morce scts of data, For example,
uscrs may create displays to visualize differences between body
scgment motions predicted using a2 hypothetical model and
actual motions or diffcrences in body scgment trajectorics that
result from different strategics for performing certain tasks.

The user may also spawn other applications that may be
used to process data contained in any window. These data may
be cvaluated graphically and rcadjusted by spawning other
applications. Thus the softwarc may be used as an integral part
of a decision-making process for applications such as computer-
aided design.

The softwarc is currently configured to handle motion data
cither off-inc or in rcal-time from the WATSMART motion
analysis system (Northern Digital, Inc.) although it may be re-
configured to other motion analysis systems.,

Discussion And Implications

A high-dimensional space is usually required to fully
describe the complexitics of human movement . Accordingly, it
is difficuit to fully appreciate and understand refationships such
as thosc between motion dynamics and physiological or
biomechanical variables without graphic visualization,

Much of the work on human movement has focused on
creating realistic graphical depictions of articulated body
scgments, Our work differs from this in that it focuses more on
providing uscrs with a mcans of studying human movement
through multiple two- and three-dimensional state spaces that
may be customized to their needs.

We belicve that the tool that we have created will provide
investigators with a means of answering questions like those
posced previously. Our future plans include developing an
inference engine that can be used to detect and study movement
disorders by studying the spaces that knowledgeable clinicians
usc to analyze and understand movement disorders, adding
clementary variable transformations and adding the capability of
visualizing 3-D time-variant or time-invariant rclationships.
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Fig 2: Visualization of same subject performing the lifting task. Again the center of gravity and ground reaction force
vector are represented in the view window. A cursors follows each of the curves as the motion procecds. The plot windows
(from top to left botiom) represent the computed lumbosacral torque vs. time. anterior-posterior center of pressure
displacement vs. ime, vertical center of gravity displacement vs. time, vertical component of the ground rcaction force vs.
time, and absolute trunk angle vs. absolute trunk angular velocity. y

RESNA 14th ANNUAL CONFERENCE - KANSAS CITY, MO. 1991

133

PAFullToxt Provided by ERIC




An Interactive Tool for Visualizing

Acknowledgements

This research is supported by the Hincs Rehabilitation R&D
Center.

References

Delp S.L., Loan PJ., Hoy M.G., Zajac F.E., Topp E.L., Rosen
J.M., “An Interactive Graphics-Bascd Model of the Lower
Extremity to Swdy Orthopaedic Surgical Procedures™, IEEE
Transactions On Biomedical Engineering, Vol. 37, No. 8, August
1990.

Lanshammer H., Lindroth T., "Assessment of Tibial Osteotomy
Using Gait Analysis. Part 1, Methods and Genuine Three-
Dimensional Results Presentation™, Biomechanics X-A, Human
Kinetics Publ. Inc., 1987.

Lee P, Wei S., Zhao J.,, Badler N.I, “Srength Guided Motion™,
Computer Graphics, Vol. 24, No. 4, pp 253-262, 1990.

Morris T, Larson G., Donath M., “Real-Time Animation Of Human
Walking For The Evaluation Of Pathological Gait”, RESNA, June
23-26, Mpls, MN, 1986.

Momis T.. Trimble J."Identification Of A Low Dimensional
Invariant Function Of Litiing", KESNA, Junc 1991, Kansas City,
Mo., 1991.

Rowell D, Mann R.W., “Human Movement Analysis”, Soma, Vol.
3. No. 2. pp 13-20, 1989.

SPLHY CONTROL QU] Bime tsecy: 3:220000 . Fiame:. 400 -
S8 Diew Fite - . S : i '

L5/5! TORRUE

21 3,

il f/\*w
v W W

-1 sst
! ! !

3 { 1 1
149 L R TR T
TINE (SEQ)

Fig 1: Visualization of a subject performing a lifting task viewed from three perspectives. The whole body center
of gravity (the small cross hair) and ground rcaction force vector are superimposed in cach view. Note that the
coordinate systems track the 3D position and orientation of the pelvis and upper torso. The digitized points represent
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madcl based on the motion of the stick figure.
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Vertical Vestibular Stimulation and Cerebral Palsy
A Preliminary Report

James W, Fee, Jr. and James W. Labuzzetta
Applied Science and Engineering Laboratories
Alfred L. duPont Institute/University of Delaware
Wilmington, Delaware USA

ABSTRACT

The object of this paper is 1o present 2 preliminary report on an
attempt to quantitatively analyze the effect of vertical accelera-
tions on athetoid movement seen in cerebral palsy. In order toac-
complish this, workers at the Alfred 1. duPont Institute have
constructed an electro-mechanical system which can apply a pre-
determined vertical acceleration to a child and his/her normal
seating system. The researchers also have at their disposal equip-
ment which can accurately and precisely measure arm flexion
and extension as it tracks a moving target. Using these two de-
vices, a study has commenced with the intent of evaluating vol-
untary movement of the forearm about the elbow joint in terms
of its power spectral density. Comparisons have been performed
of attributes of these densities before and after the subjects were
stimulated in a controlled environment using known statistical
methods.

BACKGROUND

Cercbral palsy is 1 nonspecific term used to describe a persistent
qualitative motor disorder caused by nonprogressive damage to
the central nervous System. A predominant clinical manifesta-
tion of the disorder is athetosis, which is characterized by slow,
writhing, involuntary movements which lack fixed amplitude,
rhythmicity or direction.

Vestibular stimulation has been recognized by rehabilitation cli-
nicians as a valuable part of treatment programs for those with
this and similar motor dysfunctions. The bencfits of this type of
treatment have been identified in the literature as: improved
alignment, improved balance reactions, and more normalized
tonc.

Most often vestibular stimulation takes the forms of circular or
rotary motion about a vertical axis. This treatment is usually per-
formed by placing the child in a swing and causing it to spin ina
circular fashion. Altematively, the child is made to lic prone on
a scooter board while being pushed in a circular motion.
Another form of vestibular stimulation has been recently intro-
duced in the guise of Therapeutic Horseback Riding. The litera-
tre reports various positive effects resulting from sessions on
horseback. The increasing use of this modality of therapy places
a burden on those recommending and providing it to show a
physiological and economic justification for its use. It is the pur-
posc of our ongoing investigation to atiempt to quantify the ef-
fect of vertical vestibular stimulation on athctoid movement as
well as on cerebral palsy in general.

The authors have designed and built a vertical acceleration table.
This table is capable oi vibrating a subject in the vertical plane at
various speeds and amplitudes which are physiologically consis-
tent with thosc expericnced by a rider on a horse. In addition, the
authors have in place the means for precisc measurements of ci-
bow joint flexion and extension. This mcasuring device, know as
the Elbow Tracker (ET) is described elsewhere in these Proceed-
ings‘. The data collected by the ET has been analyzed by various
statistical methods in an attempt to show a corrclation between
vertical accelerations and changes in the subject's motor perfor-
mance.

RESEARCH QUESTION

Docs vertical oscillation of the entire body have any effecton the
cercbral palsied subject’s ability to track a computer generated
target?

METHODS

Vertical Acceleration Platform- A vertical acceleration plat-
form has been designed and built by the authors at the Applied
Science and Engineering Laboratories of the Alfred 1. duPont In-
stitute. The completed system has been in operation since July
of 1990. The plaform, Figure 1, is capable of vibrating a subject

7/

..«

Figure 1. Vertical Acceleration Platform

in the vertical plane with adjustable maximum vertical accelera-
tion. The plaiform has been designed to apply accelerations with-
in the range of those employed in current modes of therapy (e.8.
the value of acceleration in horseback riding). That is, accelera-
tion will not exceed 1.79g, the maximum vertical acccleration of
a trotting horseZ. In the present study the acceleration was limit-
ed 1o a value that subjects felt comfortable with, usually about
0.7g.

Target Tracking- The Elbow Tracking system used in this ex-
periment is extensively outlined clsewhere in these Proceedings!
and will not be repeated here.

Data Collection- Arm position data for 8 cerebral palsicd
subjects (mean age = 14.4 yrs) was collected at four intervals:
before stimulation, immediately after stimulation, and at 15 and
30 minutes afier stimulation. The subjects were presented with 7
scparate tracking tasks:
Tracking a 0.5 hertz sinusoidal target
Tracking & 1.0 hertz sinusoidal target
Tracking a “random” target
Flexing and extending the clbow as fast as
possibie or "freewheeling”
5. Hold the forearm as still as possible
6. Tracking a sinusoidal target at & frequency
chosen by the tester
7. Tracking a tinusoidal target at a second
frequency chosen by the tester
In cach case the tracking task lasted 16 seconds and was admin-
istered by a certificd physical therapist.
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Data Analysis- Elbow angle data was analyzed by applying a
Fast Fouricr Transformation. The result of this transformation
was a8 power spectral density (PSD) curve showing frequency
and amplitude distributions in the range from 0 to 30 hertz. We
found carly in the testing that most of the significant information
was contained in a bandwidth between 0 and 5 hertz. One exam-
ple of such a PSD curve is shown in Figure 2,

x18° POWER FREQUEMCY SPECTRUHM FOR 1 HI. TARGET

- bafore

== after

=

FREQUENCY
Figure 2. Power Spectral Denslty Curve

In his work with athetoid movement, Neilson® suggested that the
frequency range between 0.3 and 0.6 hertz might be of signifi-
cance, therefore somie of our analysis centered on this range. In
the analysis of our data five separate attributes were applied to
the power spectral density curves obtained from the fast fourier
transformations. These five attributes werc:

Total Power- Obtained by integrated the frequency spectrum over the

entire range (0 - 30 Hz).

Frequency st Maximum_Power- The frequency at which the power
speciral density curve reaches its maximum value,

Maximum Power- The vatue of power at the highest point on the specteal
densiry curve.

Moment of Distribution about Maximum Power- Obtzined by summung
the power spectral values overthe entire range with each value muluplied
bty the diffcrence b its freq y and the freq y at Maximum
Power.

Pantiz] Power- The percentage of total power undet the curve between 0.3
and 0.6 11z,

In another paper presented in these Procccdings', the authors
have shown that differences exist in the above five atiributes
when they are applicd to data gathered from normal vs. cerebral
palsicd subjects. In applying the tests to the present study, we
sought to find a changc in the data which moved the auributes to-
ward the morc normal valucs. Forcxample, in Figure 2, the spec-
tral density cusve for data taken iimmediately afier stimulation
reflects an increase in power under a maximum frequency which
is shifted toward the target frequency. The curves in Figure 2
also demonstrate a reduction in the power under the cusve in the
0.310 0.6 H.. range.

In addition to the spectral analysis scveral other tests were ap-
plicd to the data. One such test examined the maximum lime a
subject held his/her arm in a given position while attempting the
“hold still’ tracking task.

RESULTS

Extensive statistical analysis of the data from our seven tracking
Lasks using our five measurcments has revealed that while there
appears to be trends in the data toward more normalization of
values after vestibular stimulation, no single task or measure has
resulted in a statistically significant impravement,

By far the most interesting results have come from our cxamina-
tion of “holding still” tests. In this case six out of our cight sub-
jects showed atendency toward a greater ability to remain in one
position longer after vestibular stimulation than before. Figure 3,

shown below, reflects this trend. Unfortunately, as in all of our
HAXTHUM TIHE HELD AT OME POSITION

180

a BEFORE
160 x AFTER

140
120
100
30
Gof
@G

20¢

Q ? 4 6

SUBJECT #
Flgure 3. Holding Stitl Test

other tests, the differences found in the data before and after
stimulation were not statistically significant.

DISCUSSION

Based on the comments of the therapist performing the tests, as
well as others in the room with the subjects at the time of the
tests, the authors feel the lack of statistical significance scen in
the differences in the data collected before and after stimulation
is not a statcment about vertical vestibular stimulation. Rather
these results tell us that our test were inappropriate, our popula-
tion too small, and the cxtent of athetosis vs. spasticity in the in-
dividual subjects was not clearly defined. We feel the trends in
the data arc cncouraging and reflect what was expected, Our
work is ongoing and in the future other tests will be applied
which reflect more of the physiology involved.
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A constraint for human arm motion in joint space

Tariq Rahman
Applied Science and Engineering Laboratories
Alfred 1. duPont Institute/University of Delaware
Wilmington, Delaware USA

ABSTRACT

This paper describes the development of a constraint
in arm joint-space, for routine motions. It was postu-
_lated that the angle of the upper arm-forearm plane
about the shoulder-wrist line (Y), for routine tasks re-
mains constant or varies minimally. A kinematic
model for the arm was developed. Y was constrained
to remain constant and the motion for the arm was an-
alyzed for a specific hand trajectory. The motion was
compared to experimental motion and a pseudo-in-
verse optimization methods. The results were in good
agreement with actual data, suggesting the validity of
this geometric constraint.

BACKGROUND

Human arm motion has becn examined previously
(1,2,3]. Typical questions that need to be addressed
are, what are the criteria for motion, is the arm con-
trolled in joint space or Cartesian space.

Information on the movement of the arm and its asso-
ciated biomechanirs, as well as being useful to the
medical field would provide much needed data foren-
gineers, in par.dcular prosthetists and roboticists. The
control used by the CNS for motion would help de-
sign antificiul devices for the disabled.

Three degrees of freedom are required for positioning
the hand in space. The human arm possesses four ma-
jor d.o.f. for this purpose. The human uses all four
d.o.f. by either minimization of a merit function such
as energy, effort, optimal muscle lengths; or by find-
ing a relationship between variables

This work does not propose a relationship betwen:n
specific joint variables, as considered previouslv [2].
That approach may or may not answer the t.oader
question of control. Instead,the joint constraint pro-
posed is the rotation of uppcr arm-forearm plane. This
constraint is simple, although the relationship be-
tween the joints is complex.

RESEARCH QUESTIONS

What are some of the criteria the CNS applies to con-
trol the arm? and can these complex constraint rela-
tionships be represented as simpler constraints in joint
or Cartcsian space?

METHOD

The arm was mo-elled as a 4 d.o.f., two link system
with Euler ar. jles at the shoulder (9,0,¥), and the el-
bow angle (o), figure 1. The inverse kinematics that

Figure 1 Kinematic configuration of the arm

yield the four joint angles, given xyz coordinates of
the hand, were solved. The geometric constraint, i.c.,
fixed-v, was adjoined to the inverse kinematics proce-
dure by way of describing the four joint angles when
the links are both in the vertical plane, then rotating
the plane about the shoulder-hand axis by an angle Y.
This was accomplished by utilizing Rodrigues formu-
la for rotation about an arbitrary axis.

Upon examination of experimental data, it was seen
that there was a small variation in angle ¥ for the mo-
tions examined. In an attempt to predict this variation,
a variable Y was fed into the Rodrigues formula. ¥ was
varied in proportion to the change in the angle be-
tween the upper arm-forcarm plane and a line tangent
the hard trajectory.

In addition, an optimization critcrion that minimizcs
the total travel of the joints, using the pseudoinverse
technique, was obtained. This criterion was selected
because it minimizes small changes in displacement,
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constraint for human arm motion

which relates to mechanical energy.

Experimental data was collected for human subjects
for four routine tasks; arm curl, drinking, swinging,
pulling. The system used was the WATSMART sys-
tem that employs LED’s placed on the subject and
gives xyz information of the emitters. The data were
collected at 40 Hz and filtered at 4 Hz using a Butter-
worth low-pass filter. The xyz data were then mapped
into joint-space and differentiated twice, using finite
difference to yield velocities and accelerations, thus
enabling comparison of joint variables between the
experimental and the three theoretical models.

RESULTS

The results for joint angle displacements for two of
the angles for the “pulling” motion are shown in fig-
ure 2. The pulling motion is similar to opening and
closing a door; the right hand starts at a position in

100

frame number

Figure 2a Angular displacement for’pulling’
motion, angle ¢

front of the left shoulder. then is brought down to the

right hip, and back again. The figures illustrate the
four methods described earlier (all have the same
hand trajectory). The graph shows that the y-con-
straint methods are close to the ¢xperiment but the
pscudoinverse deviates from actual data. The results
from the other motions displayed similar results.

DISCUSSION

The motions resulting from using the pseudo-inverse
technique tended to pull the elbow in towards the

body. This could be the minimum energy solution,
however it is not only anaesthetic, but goes beyond

220

frame number

Figure 2b Angular displacement for 'pulling’
motion, angle 6

human joint limits. The fixed-y and variable-y con-
straints are close to actual motion suggesting the va-
lidity of \tus constraint. This is not to say that this is
the criterion used by the CNS, but this constraint in
joint space may be a representation of more complex
constraints. Motion that results from applying this rel-
atively simple geometric constraint is shown to be
aesthetically close to human motion, which is impor-
tant when considering application to a prosthetic arm.
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Identification Of A Low Dimensional Invarfant Function Of Lifting

Ted Morris & John Trimble
Rehabilitation Research and Development Center
VA Hines Hospita!

Hines, IL 60141

Introduction
Problem Statement:

Most of the studies on lifting have examined its
physiological and biomechanical sequelac using static. quasi-
static, or dynamic musculoskeletal models (Chaffin 1987,
Freivalds et al., 1984, Schipplcin et al., 1990, Norman &
McGill, 1986). For cxample, Schipplen ct al. (1990) apptied
Andriacchi’s (1980) inverse dynamic model to determine the
rclationship between the amount of weight lifted and the
sagittal-planc torques at the lumbosacral junction and the hip
and knce joints. They found that certain dynamic joint
characteristics werc invariant with the amount of weight that
was lifted.

We belicve that these findings suggest that there may be a
morc global invariant relationship that can be used to describe
the dynamics of lifting. In fact, McIntyre (1990) statcs that for
many submaximal lifting tasks, the "human may be rcgarded as
a 'sclf-oplimizing' machine in which the biological system
becomes coordinated to possibly accomplish a task with
minimum cnergy expenditure, to maintain balance and to
minimize pain." Our goal was to identify kinematic or kinctic
variables that might define such a relationship.

A cluc to this relationship may lic in the fact that balance
is required for proper lifting. When the body 1s balanced, there
is a unique relationship between the center of gravity (COG),
center of pressure (COP) and ground reaction force vector. The
rclationship between these variables might be used to develop
an invariant description of lifting dynamics since they also
reflect the overail dynamic behavior of the biomechanical
system, The purpose of our study was to test this hypothesis.

Potential Impact of Research Study:

A simple, yet robust relationship that describes the
dynamics of lifting could be used to anatyzc and teach lifting
strategics or to identify people with low back injurics.
Additionally, the COG, COP and ground rcaction force vector
may be obtaincd using a force platform thus providing an
inexpensive and s.mple method for studying low back injuries.

Significance of Research:

An invariant rclationship between COG, COP and the
torque at various joints during lifting might rcveal specific
charucteristics of the neural and musculoskeletal systems that
control lifting. Such a rclationship might also reveal the
influence of balance on postural control during lifting.

Method:

Three volunteer subjects werc used for our preliminary study.
None of them had a history of low back pain. They were asked
to lift a 10 kg load with handlcs placcd 0.28 m apart from an
initial position that was 0.28 m from ground and 0.54 m in
front of their ankles to a final position that was shoulder height
with their arms fully extended. Each subject lifted the load
three different ways: (1) preferred or free style, (2) bending
predominantly at the knees and (3) bending predominantly at the

hip. All subjects were told to perform the lift at their preferred
rate for a minimum of 10 seconds. Subjects were allowed to
practice lifting before any data were collected and they were
allowed to rest at least 1 minute between lifts.

The ground reaction force and motnent vector components
were recorded using a six-degree-of-freedom force platferm
(AMTI, Inc.) upon which the subjects stood during the rZurse
of the lift. A similar forcc platform was used to r:cord the
applicd reaction force acting on the hands during the lift.
Signals from ths force platforms were digitized using a 16-
channcl analog-to-digits] converter (WATSCOPE, Northern
Digital, Inc.) and filtcred digitally with a second-order lowpass
Butterworth filter with a cutoff freqaency of 10 Hz.

The three-dimensional position of infrared light-emitting-
diode arrays (IREDs) placed on one side of the subject’s body at
the wrist, clbow, shoulder, bony promincnce of the femoral
trochanter, knee and ankic were recorded simultancously using a
two-camera motion tracking system (WATSMART, Northern
Digital, Inc.). All kincmatic data were sampled at 60 Hz and
filtered digitally using a sccond-order lowpass Butterworth filter
with a cutoff frequency of 5 Hz. We also digitized the locations
of the posterior aspects of the calcancous and distal ends of cach
subject’s great toe to define his basc of support,

The location of the subjects’ L5/S1 articulations were
computed on the basis of the gecometric model in which body
scgments were modeled as an articulated seven-link model
(Freivalds ct al., 1984). The incrtial propertics of the body
scgmnents were estimated using anthropometric data obtained
from Plagenhoff (1983).

The subjects’ resting COPs prior to the lift were esiimated
from kinematic and force platform data obtained while they were
in a quicscent, erect posture. These data were uscd to determine
the deviation of their COPs during the lift.

The force data were processed (0 obain the trajectory of the
body COG in the sagittal planc and the point of application of
the ground reaction force in the horizontal planc (Shimba,
1984). We used an inverse dynamic model (Freivalds, 1984,
Schipplein, 1990) to predict the rcaction torques at the hip,
knee 2nd ankle joints using the three-dimensional target data and
the reaction forces at cither the free or fixed ends of the body
(c.g., hands or feet). We also computed the axial compression
force acting through lumbosacral disc using the mcthod
developed and tested by Freivalds (1984) and Chalfin (1987).

Results:

Interactive motion analysis software (Morris ct al., 1991)
was used to conduct an cxploratory analysis of the rclationships
between the trajectorics of COG, COP, and ground reaction
force vector and joint dynamics. Visualization of these
rclutionships suggested that a combination of the vertical
trajectorics of the COG and the ground reaction force vectors
and the horizontal trajectory of the COP might be strongly
correlated with the torque at the lumbosacral junction.

Accordingly, we applicd multiple lincar regression to these
variables and found that there were lincar combinations that
accurately predicted the torque at the lumbosacral junction, the
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hip joint and to a lesser extent the knee joint. Likewise, there
was a lincar combination that accurately predicted the
compression force acting through the lumbosacral disc (L5/S1)
(Fig. 2). The first lincar regression uscd the vertical
displacement of the COG and the vertical component of the
ground reaction force vector. The second lincar regression added
the anterior-posterior displacement of the COP as a third
independent variable. Figure 1 shows the excellent agreement
between the predicted and actual joint torques and disc
compression force. The analysis of variance for the LS5/S!
torque are summarized in Table 1. The shapes and magnitudes
of the predicted torques calculated using either the fixed or frec
end models were in general agreement with values published in
the literawre (Schipplein et al., 1990). The results of the 3-
variable regression analysis clearly show that the greatest
variance in the torquc at the lumbosacral junction is duc to the
anterior-posterior component of the COP trajectory. The resuits
of the 2-variable regression anaylsis show that the greatest
variauce in the torque at the lumbosacral junction is duc to the
vertical displacement of the COG. Note that the correlation
coefficients, (R in Table 1), reveal the improvement in the
curve fit by adding the COP uajectory. The results of the other
joints also followed this trend.

TABLE I: REGRESSION ON TORQUE ABOUT
L5/S1 JUNCTION

PARTIAL F! STYLE2

GRFz COPx

SUBJECT CORR,R

COGz

ALV307
ALV305
ALV302
TMV304
NTV302
NTV305

0.949
0.959
0976

0974
0976
0.934

0.0060 70623 21473 FS
220.80 77.800 19519 BK
27.200 187.90 2357.0 BH
454.60 92890 32267 FS
66756 14340 11674. FS
682.30 25700 7091.2 BH

ALV307
ALV30S
ALV302
TMV304
NTV302
NTV305

0.847
0.860
0.900
0916
0.787
0.703

4584 10673 FS
1606.5 253.40 BK
22842 221.10 BH
1313.9 742.10 FS
23649 224.80 FS
1558.2 723.50 BH

IThe partial F statistic is an indicator of the amount of variance
explained in the torque curve due to the corresponding independent
variable in the presence of the other independent variables.

2gS = Free Style. BK = Bending Knees, BH = Bending at Hip.
* indicates regression on COGy and GRF7 only where

COGyz is the venical component of whole body center of gravity
trajectory.

GRFy is the v ertical component of ground reaction force vector.
COPYis the anterior-posterior component of the center of pressure

minus the average COP computed for the subject in standing errect
posture.

Discussion:

The torques that we arc ab'e to predict using a simple, low-
dimensional mode! arc in excellent agreement with published
and actual data. This supports our hypothesis that there is a
global invariant that may be used to describe the dynamics of
lifting. The variations in the joint torques that are predicted
from the inverss dynamic model are due to uncertainties in the
anthropometric : nd kinematic data. This is not unusual since
investigators nave shown previously that uncertainties in
kinematics have a n-ofound effect on torques obtained from
dynamic models (Patri¥rco et al., 1981).

In order to compleltcly identify invariances between human
body joint dynamics and the descriptors of whole body
behavior, it is paramount to reduce uncertainties in the predicted
joint torques. We will accomplish this in the future by using
more accurate six-degree-of-freedom rigid body model.
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COMPUTED AND FITIED TORQUE AT TUMBOSACRAL JUNUTION
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Fig lac.: Curves of computed torques based on inverse dynamic modcl and fitted 3-variable regression equation which used
COG;, COPy, and vertlcal component of gmd reaction force, GRF;. All torques arc normalized with respect the subjeet

Body weight * height in Newtons and meters respectively. The first peck represents the subject lifting the load for the first
ime.

COMPLTED AND FITTED LSSt DISC COMPRESSION FORCE

NA{BWT)

T R R
s 6 7
TIME (SEC)

Fig 2: Curves of computed disc compression force and fitted 3-variable regression equation using the independent vanables
as described in text and Fig 1. Disc compression foree is normalized with respect lo the subject’s body weight.
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DESIGN OF THE PATIENT INTERFACE FOR A COMPUTER-BASED TREMOR
CHARACTERIZATION SYSTEM

Diane M. Brongo and Michael J. Rosen
Newman Laboratory for Biomechanics and Human Rehabilitation
Mechanical Engineering Department
Massachusetts Institute of Technology

ABSTRACT

Pathological tremor is characterized by rhythmic,
oscillatory motion that occurs at rest or during activity. In
severe cases the tremor may have sufficient amplitude to
obscure any underlying voluntary activity, making normal
function difficult or impossible. While drug therapies exist that
can reduce tremor in some cases, prediction of drug
effectiveness from current diagnostic categories is extremely
unreliable.

The CSCAT (Computer-based System for Clinicat
Assecssment of Tremor) has been designed to test the hypothesis
that the differential diagnosis of tremor may be accomplished
by the imposition of controlled mechanical loads on tremorous
limbs while the patient performs & well-defined task. The "load
response” of tremor, i.e. how the objective tremor parameters
change in the presence of varying mechanical loads, is
expected to reveal differences among tremors which would not
appear under conventional assessment, resulting in a more
objective and definitive tremor classification system. It is
hypothesized that tremor categories in this way will
successfully predict drug effectiveness once the necessary
experimental correlation has been established.

INTRODUCTION

Tremor, one of the most common movement disorders,
is characterized by rhythrmic, oscillatory motion that occurs at
rest or during activity. [1] [2] "Physiological tremor" is present
in normal persons at frequencies of 8 - 12 Hz. [3] In
pathological cases the tremor may be severe enough to obscure
any underlying voluntary activity, making normal function
difficult or impossible. [4]

The goal of this work is the development and
evaluation of an improved approach to differential diagnosis of
tremor based on the response of the patient to controlled
mechanical Joads. This project is motivated by the
unpredictability of drug effectiveness which results from
incomplete and insensitive characterization of pathological
tremors by traditional assessment techniques which are largely
subjective. [5] Four neurologists surveyed indicated that
betwesn 25% and 70% of their patients did nof respond as
hoped to the drugs prescribed, clearly demonstrating the
need for an improved drug prescription strategy, These
new methods employ sensitive, objective instrumentation for
clinical data collection and computer-based signa! processing
tools for analysis, both of which have become fairly common in
tremor research.

The load response of tremor, i.c. how its objective
signature changes when tasks are performed in the presence of
varying mechanical loads, is expected to revea! differences
among tremors which would not appear under fixed conditions,
resulting in a more definitive tremor classification system. The
prototype clinical system which has been completed to test this
idea is known as CSCAT. Aspects of its design will be
presented below.

In the next part of the investigation the now tremor
categories will be correlated with the patients’ response to drug

128

treatments. If the hypothesized cotrelation is found, the result
will be a drug prescription strategy based on CSCAT that may
then replace the standard trial-and-error trestment strategy.

CSCAT (Figure 1) is a mobile 1-degres-of-freedom
manipulandum consisting of three parnts: a motor that is
digitally controlled via feedback from torque and kinematic
transducers to simulate various levels of springs, masses and
dampers [6]; a pationt interface whereby mechanical loading is
applied to the patient's limb and a target is displayed; and a
computer based-assessment manager that handles the collection
and analysis of all data and interfaces with the clinician. The
assessment task requires the patient to execute a target-tracking
task which excites his/her tremor.

Design of the Limb Interface

Tremor is seen in all parts of the body, from the head
and neck to the distal portions of all extremities. It is not
practical or necessary to assess clinically all tremor sites, but
the manipulandum should be capable of measuring at least a
few for two reasons. First, not all patients have tremor in the
same place, and secondly it has not besn shown which degrees
of freedom (DXOFs) will yield the best results for prediction of
drug effectiveness. The particular choice of DOFs depends on
both human and machine.related factors.

Persons with tremor in the lower body can compensate
for some of the resulting disabilities with a wheelchair but
tremor in the upper body can cause move serious functional and
aestheiic disabilities. These people are more likely to seek
drug treatment to help their tremor and so will be more in need *
of this diagnostic tool. Therefore assessment can be confined
to the upper body. [7]
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The patient must perform a 1-degree-of-freedom
tracking task. For the assessment to bo roliable this DOF must
be isolated from all otber DOPs that could produce motions at
the measurement site. These interfering motions must then be
restrained, a degign challenge that is more difficult for some
DOFs than others. '

The axis of motion under assesament must be aligned
with the motor shaft, i.¢, either the motor axis or subject's body
will need to be reoriented to accommodate all DOFs under
study and a range of subject sizes. The motor axis msy be
vertical, borizontal or possibly adjustable but must be easily
aligned with all buman motion axes chosen for study, In
sddition, the selected buman movements should have
comparsble angular range of motion and not be so forceful that
an unacceptably largs or expensive motor is required to create
the virtual environment.

The DOF's chosen for inclusion in the present
implementation of CSCAT meet the design requirements
acceptably. They include: elbow flexion/extension, forearm
pronation/supination, snd wrist flexion/extension, which can all
be accommodated with a horizontal motor axis orientation
thereby avoiding an adjustable motor mount. All assessments
can be conducted for both the left and right arms.

Coupling s single joint axis of rotation to a motor axis
poses a considerable design challenge. The amm-to-motor
couplings must satisfy the clinicians who conduct the
assessment, the human safety committees, the sponsors funding
development of the device, and of course the patient who is
wearing them.

The system must couple the loading (motor) and
instrumentation to the joint so the acquired signal accurately
represents the actual joint angle. Attachment must be niade to
the outside of the body. This means that the coupling between
limb motion and the attachment is characterized by the mass,
compliance and damping of both the body tissues and the
attachment itself. Since the objective of this device is to apply
controlled loading to the body and to measure and analyze the
angle, angular position and torque of the limb segment, values
for the above parameters must be chosen to have little or no
effect on the actual applied losd.

In addition to these functional qualities of the
coupling, a device that can fit all subjects and test both the right
and the left arms is desirable. The coupling should also be easy
to connect to buth the patient and the motor for the
convenience of the clinicians who will conduct the assessment.

For the patient's sake, the interface should be safe and
look unimposing. In addition, since a session with the device is
expected to last up to one hour the attachment must be
comfortable for at least that length of time.

As this device is a prototype for a production
diagnostic tool, its manufacturing cost should be kept to a
minimum. Therefore the materials and components used in the
couplings should be standard and inexpensive wherever
possible, and custom parts should be kept to minimum. In
addition, the planned experimental evaluation may take years
80 the prototype couplings as well as the rest of the device
should be durable.

All arm-to-motor couplings attach to the motor shaft
by means of & keyed coupling rod and a knob-actuated split
clamp which s firmly connected to the motor shaft. This
clamping mechanism provides a strong, uniform clamping
force on the rod while allowing the rod to be clamped

anywhere along its length. Round tubing was chosen for the
coupling rods as it has a greater stiffness-to-weight ratio than
solid rods or square tubing of the same size. The motor end of
each coupling rod is keyed so the couplings can oaly be
attached to the motor in the correct rotational position. Most
metal structural parts are aluminum, chosen for its high
stiffness-to-weight ratic, easy availability and low cost. The
pieces were anodized clear for & tougher and more aesthetically
pleasing finish.

The Universal Wrist Coupling shown in Figures 2 and
3 is psed for both pronation/supination and wrist
flexion/extension assessments with the left or right arm. The
configuration of the coupling is easily altered by loosening the
knob, rotating the handle until it hits one of the limit stops, and
tightening the knob. The handle is offset 12 degrees to account
for the natural grip line of the hand; this allows the evaluations
to be conducted with the patient's arm in a comfortable, natural
position. The handle is covered with a firm foam handie-bar
grip that is comfortable for the subject without adding
excessive spring or damper effects to the system.

For the pronation/supination exercise the patient grips
the handle at an appropriate place along its length so the
forearm axis lines up with the motor axis. For wrist
flexion/extension the coupling is adjustable. To accommodate
variations in length from the center of the patient's grip line to
the wrist axis the keyed coupling rod is slid to the appropriate
position in the split clamp. A scale embossed on thds rod allows
each patient's setting to be recorded.

The elbow flexion/extension assessment requires quite
a few more parts. The natural grip of the hand cannot be used
for this assessment since foroes would then have to be
transmitted through the wrist joint. Inytead the forearm is
splinted (AliMed Rigid Wrist/Thumb Imm<chilizers, about $40
each) and coupled to the motor shaft via a slidiug dovetail
connector and a keyed coupling rod (Figure 4). In addition to
providing a stiff coupling to the arm, the splint immobilizes the
wrist, suppressing any wrist tremor and preventing any
distractions and data contamination that a tremorous hand may
cause.

The sliding dovetail connector joins the keyed
coupling rod to the splint and provides for adjustment
perpendicular to the forearm axis. The keyed coupling rod then
slides into the split clamp and is adjusted along the forearm
axis to align the elbow axis with the motor axis. Both
connectors have embossed scales so the patients' settings can be
stored for future trials.

Design

For the motor to apply a load across a joint, and for the
movement parameters to be measured accurately, the distal
limb segment must be firmly attached to the motor shaft while
the proximal segment is secured to the motor's mechanical
reference, in this case the cart. A system to restrain the distal
Himb segment must be devised that once again satisfies the
clinician, the sponsor and the patient.

Design requirements are essentially the same as for the
Arm-to-Motor Couplings. Stiffness, comfort, ease and range of
adjustability, economy of manufacture, durability and
unintimidating appearance are the major requirements.

The arm restraint system consists of the following four
parts (named for their function and/or appearance): the support
towar, the T-bar, the adjustable leg with foot, and the cushion
post. Itis shown set up for pronation/supination (Figure 3) and
wrist flexion/extension (Figure 6). The setup for elbow
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flexion/extension is simiar to that shown in Figure 6 except the
armrest is angled the opposite way. The support tower is
securely fastened to the cart. The T-bar fits into the top
chamber of the support tower and is clamped with a knob-
actuated set-screw. The adjustable leg then slides into one of
the three openings on the T-bar and is clamped in place the
same way. The cushion post is keyed so that it can only fit into
the adjustable leg one way and will not rotate once it has been
ingerted. It too is fastened in place with a knob-actuated set-
screw. Next the cushion atop the cushion post is rotated to the
desired position and another knob tightened to hold it there.
Finally, the amm is strapped onto the cushion with two Velcro
straps.

The key feature of this design is the T-bar since it
allows one arm cushion to be used for all exercises. The wrist
flexion/extension and elbow flexion/extension arm-to-motor
couplings were designed to put the forearm axis the same
distance away from the target plane. The T-bar extends out to
this distance (there is a stop on its back end) so the armrest
lines up with the forearm axis.
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The Polhemus Isotrack as an Assessment Tool for
Cerebral Palsy

James W, Feg, Jr. and James W. Labuzzetta
Applied Science and Engineering Laboratories
Alfred 1. duPont Institute/University of Delaware
Wilmington, Delaware USA

ABSTRACT

The objective of this study was to develop a compuicrized pur-
suit tracking system for the quantification of upper limb dysfunc-
tion seen in paticnts with cercbral palsy. The tracking systcm
employed a magnetic sensing device produced by Polhemus
Navigation System Corporation in conjunction with a 286 per-
sonal computer. Forearm position, resulting from flexion and ex-
tension of the clbow, was recorded as the subjects attempted to
follow a series of computer generated targets. Measurements of
a control group of healthy subjects and a cerebral palsied group
were obtained. Statistically significant differences (p<.01) exist-
ed between the two groups for scveral mathematically extracted
attributes of the tracking data.

-BACKGROUND

Cerebral palsy is a nonspecific term uscd to describe a persistent
qualitative motor disorder caused by nonprogressive damage o
the central nervous system. A predominant clinical manifesta-
tion of the disorder is athetosis, which is characierized by slow,
writhing, involuntary movements which lack fixed amplitude,
rhythmicity or direction. Scveral recent investigations into the
quantification of athetotic movements! 27 have utilized clectric
goniometers placed at the elbow joint to record arm movement
during pursuit tracking tasks. The findings of these investiga-
tions suggest that sufficient differences exist between normal
and cerebral palsicd subjects regarding their ability to perform a
tracking task and that frequency analysis using a fast fouricr
transformation is an important method of identifying these dif-
ferences. The present study was undertaken to determinc if a pus-
suit tracking system utilizing a magnctic sensing device in place
of a goniometer could confirm and enhance the results of the car-
lier studies.

The magnetic sensing device, which utilizes the principle of low-
frequency magnetic ficld technology for the determination of the
position and oricntation of a sensor relative 10 a source, is a sub-
system of a packaged system manufactured by VPL Rescarch.
The system combincs their Data Glove with the 3SPACE Isotrak
by Polhemus Navigational Science. The authors interfaced the
Isotrak subsystem with a 286 personal computer and an author
written control softwarc package.

RESEARCH QUESTION

The present study was undertaken to determine if a pursuit track-
ing system utilizing the Polhemus Isotrak could confirm and en-
hance the results of earlier studics donc with clectric
goniometers, which demonstated differences in the tracking abil-
ity of normal healthy subjccts and subjects with cerebral palsy.

METHOD

Experimental Setup-The tracking system was configured to
calculate the angle between the magnetic sensor attached to the
subject’s forcarm and the table surface on which the magnetic

source was placed. Upper arm motion was restricted with an ad-
justable brace. The brace held the upper arm at a 45 degree angle
with the table’s surface and allowed unrestricted flexion and ex-
tension of the elbow. A serics of computer generated targets
were presented to each subject. The targets, in the form of high-
lighted bars, moved up and down on the CRT screen. Next to
each target bar was a highlighted tracker bar whose up and down
motion was controlled by the magnitude of the angie between the
forearm and the table’s surface. As a target moved on the screen
a subject flexed or extended his/her elbow so the tracker bar
mimiced the motion of the target bar. The target position and the
angle were recorded at 60 Hz and stored in a computer file.

Data Collection- Arm position data for 36 normal subjects
(mcan age = 14.0 yrs) and 18 cercbral palsied subjects (mean age
= 14.1 yrs) was collected. The subjects were presented with 7
separate tracking tasks:

Tracking a 0.5 hertz sinusoidal target
Tracking a 1.0 hertz sinusoidal target
Tracking a randomly gencrated target
Flexing and extending the clbow as fast
possible,“freewheeling”
S. Holding the forcarm as still as possible
6. Tracking a sinusoidal target at a frcquency
chosen by the tester
7. Tracking a sinusoidal targct at a second
frequency chosen by the tester
In cach case the tracking task lasted 16 seconds and the test was
administered by a certificd Physical Therapist.

Data Analysis- The recorded angle data of the scven separate
tasks for cach subject were analyzed by applying a fast Fourier
transformation. The transformation produced power spectral
density (PSD) curves showing frequency and amplitude distribu-
tions in the range from O to 30 Hertz. Examples of PSD curves
for a normal control subject and a cercbral palsicd subject are
shown in Figure 1.

POWER FREQUENCY SPECTRUM FOR 1 HZ. TARGET
12 T U T n

- Hormz] data

-~ CP data
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Figure 1. Puwer vs. Frequency
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In order to make comparisons between the normal control group
and the cerebral palsied group, five attributes were determined
for each individual PSD curve. These five attributes were:

Total Power- Obtained by integrated the frequency
spectrum over the entire range (0 - 30 hertz).
Frequency at Maximum Power- The frequency at which
the specn'a.l density curve reaches its maximum value.

Maximum Power- The value of power at the highest point
on the spectral density curve.

Moment of Distribution about Maximum Power- Obtained
by summing the power spectral values over the entire
range with each value multiplied by the difference
between its frequency and the frequency at Maximum
Power.

Partial Power- The percentage of total power under the
curve between 0.3 and 0.6 hz.
The mean values of these attributes were calculated for the seven
separate tasks within each group and compared using the *‘Sepa-
rate” t-Test

RESULTS

Comparing the two groups using the mcan values of the five de-
scribed attributes resulted in the jdentification of several statisti-
cally significant(p<.01) differences. In general we found that the
total powers generated by the subjects within the normal group
were greater than the total powers generated by the cercbral pal-
sy subjects for the 0.1, 0.5, and 1.0 Hz tracking tasks and the
“frecwhecling” task. Additionally it was found that the total
powers generated while “holding still” by the subjects within the
normal group were less than the total powers generated by the ce-
rebral palsy subjects. The “freewheeling” data was also signifi-
cant for the frequency of maximum power, which is a
measurement Of the speed at which the arm flexed and extended.
The mean frequency of the control group and the cerebral palsy
group were 2,28 Hz and 0.69 Hz, respectively. This means that
the cerebral palsy subjects flexed and extended their arms at ap-
proximately one third the speed of the normals. Even though the
above resulls were statistically significant, overlap of data be-
tween the normals and the cerebral palsied subjects would pre-
vent a diagnosis based on any of these attributes..

PARTIAL POWER 1n .3 HZ. -~ .6 HZ. RAMGE FOR 1 HI. TRACKING
108 — T ¥ T T
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CP Avgr. = 30.48
Std. ¢ 19.77

EXuE &-8 -]

Norw Avgr. 2 2.02
x

Std. = 1.83

1

30 3

Figure 2. Parltal Power for 1.0 Hz. Tracking

The most interesting result we found had to do with the power
generated in the 0.3 to 0.6 Hz range when performing a tracking
task with a target moving at 1.0 Hz. This range was sclected for
analysis based on Neilson's findings that the athetotic arm'is un-
derdamped and has a rhythmica! oscillation at about 0.3-0.6 Hz.!
The mean partial power of the cercbral palsy group was greater
than the control group’s. The difference was statistically signifi-
cant(p<.01) and a graph of the data, Figure 2, revealed a distinct
and complete separation of two groups in this study

DISCUSSION

‘The results of our study are consistent with those of others who
have attempted to quantify arm movcments in cerebral palsy. We
have found, in agreement with Neilson!, that the percent of pow-
er in the 0.3 to 0.6 Hz. range is higher in our CP subject group
than in the normal subject group. In addition we found that this
difference scems to be greater when the subject is atiempting to
track a target than when he is attempting to hold still or move as
fast as he can.

If the higher powers in this frequency range are do to an athetotic
tremor, our data suggest that this tremor may be aggravated by
atiention to coordination
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Abstract

The Actimeter is a device that
measures and records gross human
body movements. The data
obtained from the Actimeter are
used to establish body position
profiles of able-bodied
individuals partaking in a
variety of occupations. These
profiles are then used to aid
vocational rehabilitation
counselors with the placement of
disable-bodied persons into jobs
they are physically capable of
performing. The analysis of
preliminary data obtained from
Actimeter tests indicate that the
system is approximately 75
percent accurate.

Introduction

Recently, Rogan and Hagner (1]
discussed the need for
improvement in the area of
effective and efficient job
placement for the disable-bodied
population. They identified the
current criteria for vocational
evaluation as; "(a) describing an
individual by his/her functioning
needs, (b) specifying the
outcomes to be achieved through
rehabilitation ' and (c)
identifying the interventions and
services required to achieve
those outcomes." They assert
that several problens
characterize the ‘“"traditional
evaluation” process. These
included *"traditional vocational
evaluations typically occurring
in artificial, simulated
environments", and that "the most
fair, reliable, and useful way to
evaluate an individual with
severe disabilities is within the
actual work setting using
materials that are naturally
present."

Statement of Problem

The successful placement of
disable-bodied individuals into

jobs best suited for them is one
of the main goals of vocational
rehabilitation. The 1long range
goal of the actimeter project is
to produce a reliable system that
will provide rehabilitation
counselors w